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1 In t roduct ion 
Homotransplantation of the liver is a feasible procedure Two operating techniques 
can be employed The orthotopic liver transplantation and the auxiliary liver trans-
plantation which is in every case a heterotopic transplantation The orthotopic 
procedure is the method of choice in cases in which due to the underlying disease 
the resection of the recipient's liver is necessary, particularly m cases of hepatoma 
Orthotopic liver transplantation, however, is a highly complicated surgical inter-
vention Operations lasting 10 to 20 hours and during which 5000 to 19000 ml 
blood replacement was necessary, were not exceptional (Starzl, 1969) 
It was thought that the implantation of an extra liver would be less difficult than 
orthotopic liver transplantation and might therefore also be possible in patients 
m very poor condition The first auxiliary hepatic transplant m a human was 
performed in 1964 (Absolon et al 1965) Other cases of human, canine and 
porcine auxiliary liver transplantation were reported by Starzl et al (1966 a, b, 
1969), Calne and W///iams (1968), Fonkalsrud et al (1968), She// et al (1969), 
Wegmann et al (1970) However, results obtained wi th heterotopic liver trans-
plantation were rather disappointing, because it was not possible to prolong the 
life of human recipients for longer than 5 weeks (Starzl 1969) One exceptional 
case was reported by Fortner et al (1970), his patient survived for 8 months 
Furthermore, m experimental canine and porcine auxiliary liver transplantation it 
has rarely been demonstrated that life was sustained by the homograft (Marchioro 
et al 1965, Thomford et al 1965) Only Lee et al (1968) obtained rat liver 
isografts surviving 6 to 14 months after total host hepatectomy 
The disappointing results may not only be explained by the coincidence of several 
unfavourable conditions In the first experimental and clinical auxiliary liver trans-
plantation rapid atrophy of the graft was a fatal complication (Starzl et al 1964, 
Fans et al 1966. Marchioro et al 1967) It has been shown by Schalm et al 
(1956, 1966) anàvd Heydeetal (1966, 1967) that the shrinkage of the auxiliary 
graft is due to the presence of the recipient's unhandicapped own liver and is 
therefore caused by functional competition Thus, the special attractiveness of 
auxiliary liver transplantation, ι e avoidance of sacrificing the remaining limited 
function of the failing recipient's liver to support the graft during a certain adaption 
period, turns to the contrary 
Subsequently, a variety of successful studies has been performed to change the 
physiological conditions in favour of the graft (v d Heyde and Schalm 1967,1968) 
These studies took into account a possibly unusual blood supply of the graft 
Although it has been assumed that the transplantation of a secondary liver would 
be technically less difficult than the orthotopic procedure, ν d Heyde and Schalm 
(1968) pointed out that there is reason to doubt, whether in human recipients 
the auxiliary graft can be provided with an adequate portal venous inf low m every 
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case They therefore provided their canine auxiliary liver transplants with arterial 
inf low only and observed a moderate hypertrophy of their grafts (v d Heyde et al, 
1966, 1967), if the recipient's own liver was sufficiently handicapped by surgical 
interventions 
These results are in contrast to the general opinion, that the absence of perfusion 
wi th portal blood would result m an unpreventable atrophy of the graft (March/oro 
et al 1965, Berard 1969) Lee et al (1968) affirmed the dependence of liver 
graft regeneration in rats upon portal venous inflow in both the presence and 
absence of biliary obstruction From these findings a so-called portal hormone had 
been assumed to be responsible for maintaining the morphologic and functional 
integrity of the liver (Moolton and Bucher 1967 Gentile and Grace 1968) However, 
Wexler et al (1970) showed that liver atrophy, or a distinct lack of regeneration, 
is solely dependent upon adequacy of total liver blood f low, and not upon any 
trophic substance or type of f low, since his partially hepatectomized livers hyper-
trophied also after porta-renal transposition 
Wex/er's results were confirmed by Hess et al 1971, who provided his partial rat 
to rat liver homografts wi th a portal venous inflow only If the unresected host's 
liver was allowed to discharge bile into the duodenum the graft atrophied, 
although it was provided with portal blood and the recipient's liver which holds a 
stronger functional position, received arterial inflow only Resection of the host 
liver by 50% resulted m neither atrophy nor hypertrophy of either liver The decisive 
functional handicap m Hess's experiments was the ligation of the common bile 
duct of the partially resected host's liver In this case the recipient's liver atrophied 
gradually and disappeared whi le the graft hypertrophied by more than the 
threefold 
Vd Heyde et al (1970) and Jerusalem étal (1971) put new life into the discussion 
concerning the problem of auxiliary liver transplantation These authors showed 
that under unfavourable hemodynamic conditions, in particular high venous out-
f low pressure, the graft may regress rapidly Unlike the orthotopic procedure, which 
has a relatively fixed design auxiliary liver transplantation may be performed m 
several ways and with placement of the new organ m any part of the abdomen ex-
cept the upper right quadrant With increasing distance from the right atrium the 
pressure in the systemic venous circulation also increases Therefore, liver grafts 
being inserted distally to the orthotopic position have to overcome an outf low 
pressure above average Since this pressure is transmitted through the hepatic 
veins into the liver lobules, a situation comparable to that m congestive heart 
diseases is established A permanent increase in outf low pressure causes a fall m 
blood f low through the liver and subsequent histopathological changes and func-
tional deterioration (Sherlock 1968) 
In fact, almost all auxiliary livers have been inserted far from the recipient's liver 
(Goodrich et al 1956, Sterzi et al 1964, Absolon et al 1965, March/oro et al 
1965 Halmgnmson et al 1966, Shed et al 1969) Although m Lee's (1968), rat 
auxiliary liver isografts the outf low anastomosis was re-established proximally to 
the right renal vein he used a long donor vena cava segment and the graft was 
placed distally to the right kidney In the Wistar rat model the critical outf low 
pressure is about +1 8 mm H2O (Hess et al 1971 ) This pressure was recorded m 
the distal part of the inferior vena cava A graft inserted at this site filled retrogradely 
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and thrombosed, since it could not be drained sufficiently through the hepatic 
venous system 
Thus, the fate of an auxiliary liver graft not only depends upon functional compe­
tition between the t w o co-existing organs and the adequacy of total liver blood 
f low, but also upon physico-hemodynamical factors A third factor was pointed 
out by Calne et al (1969) In a serie of sixteen porcine auxiliary liver allografts 
these authors found that there were more changes characteristic of rejection than 
had been observed with orthotopic liver grafts For these and other reasons 
Williams (1970) believed that there is little future m heterotopic liver transplantation 
Not all investigators share this view V d Heyde et al (1971) showed that canine 
auxiliary liver homografts can sustain life over prolonged periods The animals died 
of systemic and/or organ infections, rather than of functional deterioration and/or 
rejection of the heterotopic graft Our group (Hess et al 1971) developed a tech­
nique of auxiliary liver homotransplantation in rats, taking into account both the 
functional competition and the unfavourable condition to which a liver graft inser­
ted in heterotopic position is exposed On the basis of this technique rats were 
obtained that survived longer than fourteen months This technique is standardized 
in such a manner that, dependent on the kind of surgical intervention, either a 
balance between the graft and the recipient's liver, or a hypertrophy of the graft 
and an atrophy of the host liver can be induced Therefore, it was possible to study 
both the graft and the recipient's liver The use of the recipient's liver as a control 
is essential, if one is to distinguish changes caused by functional atrophy from 
surgical artefacts and immunologically produced changes 
There is no doubt that the outcome of each kind of transplantation finally depends 
on the extent of differences in the genetically determined organ specific transplan­
tation antigens, which may exist between the donor and the recipient Several 
years ago it was proposed to supersade the original terms indicating the extent of 
disparities, ι e autologous, isologous, homologous and heterologous with the 
terms autoplastic syngeneic (or isogeneic), allogeneic and xenogeneic for linguistic 
reasons From many studies using donors and recipients of wide genetic disparity 
the need of further division on the basis of genetic diversity was recognized by 
Reemtsma (1969) He suggested to retain the term 'heterologous', to be used 
only if the donors and recipients are relative closely placed on the phylogenetic 
scale (e g baboon to man), and the word 'xenogeneic', to be reserved for very 
distant relationships ( e g pig to man, pig to dog) 
From numerous experiments undertaken by our group with the objectives of a 
better understanding of acute whole organ alio- and xenograft rejection (v d Heyde 
et al 1970) or, alternatively, of preventing this process, it appears recommendable 
to distinguish likewise between the terms 'homologous' and 'allogeneic' This 
suggestion is based on the fact that reactions of an unmodified host to liver grafts 
from donors which should be designated 'homologous' (or 'allogeneic' resp ) can 
be quite at variance, and can range between reactions to isografts and reactions 
which are obviously no different from those to heterografts Therefore, the fol lowing 
classification wil l be observed m this study Autograft (from the same individual), 
isograft (from the same inbred, genetically homogeneous strain), homograft (from 
an individual of the same, but non-mbred, genetically mhomogeneous strain), 
allograft (from an individual of another, inbred or non-mbred, strain of the same 
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species), heterograft (from another species being relative closely placed on the 
phylogenetic scale) and xenograft (from another species being distantly placed on 
the phylogenetic scale) 
In this study results wi l l be considered obtained wi th auxiliary liver homo- and 
allotransplantation in rats, and wi th auxiliary liver allotransplantation m cats, dogs 
and pigs The Wistar rat to Wistar rat homotransplantation is the mam model used 
The advantages of this model are the prolonged survival times of grafted rats, the 
fact that it is unnecessary to administer immunosuppressive agents to avoid homo-
graft rejection (Hess et al 1977), and the excellent physical condition of the 
transplanted rats, which allows to subject the animals to repeated biopsy proce-
dures, and thus to fol low the fate of the individual graft 
Immunosuppressive agents not only impair cell mediated immune reactions to the 
transplanted tissues, but may also have a direct effect on parenchymal cells A 
high incidence of liver lesions has been documentated fol lowing the use of 
6-mercaptopurme in human cancer chemotherapy (Einhorn and Davidsohn 1964, 
Mcllvame and McCarthy 1959) Similarly, some patients treated with this drug was 
also found to be hepatoxic in dogs (Starzl et al 1966, Haxhe et al 1967, Stuart 
et al 1967) Azathioprine is a derivative of 6-mercaptopurine and is frequent-
ly used for mitigation or prevention of graft rejection Therefore, an additional 
difficulty is introduced wi th azathioprme treatment, not only concerning the inter-
pretation of histopathological changes but also for pathophysiological changes 
For this reason the untreated Wistar rat to Wistar liver homotransplantation model 
appears to be the most appropriate for the study of the fate and behaviour of 
hepatocytes in an auxiliary liver graft Although m most cases the liver is not 
rejected m this model (Hess et al 1971), the occurrence of rejection phenomena 
could not be excluded m principle Therefore, it was essential to establish a second 
model of liver transplantation, using unmodified animals with distinct donor-
recipient differences in degree of histo- incompatibility, to distinguish between 
changes induced by the particular anatomical and hemodynamical situation of the 
auxiliary liver graft and changes of hepatocytes due to immune mechanisms For 
these investigations the liver of PVG/C rats was transplanted to Wistar rats In this 
model the liver is rejected acutely after one to three weeks (Jerusalem et al 1971 ) 
To complete the picture, some cases of Imuran treated feline, canine and porcine 
auxiliary liver transplantation were included in this study 
The aim of this study is to discuss the morphological and functional feature of the 
hepatocyte in long surviving auxiliary liver transplants under different conditions, 
rather than to give a comprehensive report on rejection phenomena The conse-
quences of an unusual blood supply on the hepatic parenchyma are also considered 
This was a further reason to compare the rat to rat auxiliary liver homografts and 
the feline auxiliary liver allografts which are provided wi th portal venous inf low 
only, wi th the canine and porcine auxiliary liver allografts, provided wi th an 
arterial inf low only 
Since the first signs of the above changes as well as permanent alteration could 
be assumed to occur on both the submicroscopical level and m the enzyme pattern, 
the investigations were keyed to electron microscopical, histochemical, biochemical 
and cytochemical methods 
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2 M a t e r i a l s and M e t h o d s 
2 1 O P E R A T I N G P R O C E D U R E S A N D A N I M A L S 
2 1 1 WISTAR RATTO WISTAR RATAUXILIARY LIVER HOMOTRANSPLANTATION 
Non-inbred male Wistar rats from a closed breeding colony (TNO-Zeist, The 
Netherlands) are used as both donors and recipients The technique of rat to rat 
auxiliary liver transplantation has been described in details m a previous paper 
(Hess et al 1971 ) The operating procedures can be outlined briefly as follows 
Donor hepatectomy Only the caudal lobes, ι e about 3 0 % of the donor liver are 
used as a graft After mobilization of the portal vein and ligation of its side branches, 
ligation and severing of the hepatic artery, mobilization of the common bile duct, 
ligation of the subdiaphragmatic- and severing of the mfrahepatic vena cava, the 
graft is perfused wi th cold (4°C) ringer's lactate containing 1 % novocaine imme­
diately after administration of 1000 U heparin 
Graft insertion Space for the transplant is obtained by right nephrectomy, and the 
outf low re-established as proximally as possible by an end-to-side anastomosis 
between a short cuff of the donor vena cava and the recipient vena cava After 
mobilization of the host portal vein, the venous inf low is established by an end-to-
end anastomosis between both portal veins The graft remains deprived of arterial 
blood The common bile duct is implanted into the duodenum 
To avoid functional competit ion, 5 0 % of the host liver is resected and its common 
bile duct ligated The remaining liver is supplied with arterial blood only All 
operating procedures are carried out under ether inhalation anesthesia and with 
cleaned, but non-sterilized, instruments After transplantation the rats receive peni­
cillin (4000 U) and streptomycin (0 004 g) daily for 5 days No immunosuppressive 
agents are administered 
By repeated exploratory laparotomy surgical biopsies are obtained from the graft 
at about 1, 3, 5 and 6, 12 and 14, 2 1 , as well as 52 to 60 weeks and from the 
recipient's own liver (about 3, 14, and if possible 52 weeks after transplantation) 
A total number of 45 Wistar rat auxiliary liver grafts has been investigated 
2 1 2 PVG/C RATTO WISTAR RATAUXILIARY LIVER ALLOTRANSPLANTATION 
The PVG/C stram is an inbred strain (Animal Quarter Nijmegen) The liver of this 
strain is used as a graft for investigation on mechanisms of liver graft rejection in 
our laboratory because of the homogeneity of its transplantation antigens 
The transplantation technique is essentially the same as that described for the 
WISTAR rat to WISTAR rat model ( 2 1 1 ) Only about 3 0 % of the donor liver 
serves as the graft which is provided with portal venous inflow only, and the reci­
pient's liver is resected and its common bile duct ligated 
11 
Surgical biopsies are obtained m intervals of one week For this study, the rats 
received antibiotics but no immunosuppressive agents A total number of 10 
PVG/C rat auxiliary liver grafts has been investigated 
2 1 3 F E L I N E A U X I L I A R Y L I V E R A L L O T R A N S P L A N T A T I O N 
Adult mongrel cats are used in all experiments About 2 weeks before transplanta­
tion surgical biopsies taken from the liver of the random selected donors are conned 
for primary histopathological changes Only apparently healthy livers are used for 
transplantation 
The technique of feline auxiliary liver transplantation is the same as that described 
for the rat auxiliary liver transplan+ation After transplantation the animals receive 
azathioprme (2 5 mg/kg) and Prednisolon (1 mg/kg) daily, and are treated with 
antibiotics 
Liver tissue for histological, electron microscopical and histochemical investiga­
tions is only obtained after the animals have been sacrificed Three feline auxiliary 
liver grafts were used for this investigation 
2 1 4 C A N I N E A U X I L I A R Y L IVER A L L O T R A N S P L A N T A T I O N 
The recipients and donors are healthy mongrel dogs, recipients weighing about 
18 to 20 kg, donors about 10 to 12 kg 
The surgical techniques have been described previously (v d Heyde et al. 1966, 
ν d Heyde and Schalm 1968) The operating procedure is briefly outlined as 
fol lows Both, the donor and the recipient, are anesthetized with fluothane. In all 
experiments the donor liver is cooled prior to the interruption of the arterial inf low. 
In most experiments normal saline containing 1 % novocaine is used for cold perfu­
sion The temperature of the perfusate is 5° С resulting m an organ temperature 
of 12°С In these experiments, the cold ischemic period is about 40 to 45 mm. In 
recent experiments, the graft is perfused with a Travenol apparatus with a variety 
of perfusates for 3 to 18 hours In all these experiments there is no normothermic 
ischemic period 
Before implantation of the whole liver or the partial livergraft resp, in the right 
paravertebral space, the venous outf low is re-established by an end-to-side anasto­
mosis between the suprahepatic vena cava of the graft and the mfrahepatic vena 
cava of the recipient as proximally as technically possible The inf low is arterial 
only, and established by an end-to end anastomosis between the coeliac axis (or 
aorta, resp ) of the graft and the iliac artery of the recipient In the present experi­
ments a polyethylene cannula is inserted into the gall bladder for extracorporal bile 
drainage using a technique described by Zeeman and Bloomfield (1966) 
During the operation 500 ml haemaccel are administered by slow drip infusion 
Postoperatively the animals are treated wi th 2 5 mg/kg azathioprme and 2 0 mg/kg 
Prednison Surgical biopsies are obtained at different intervals after transplantation 
dependent on the condition of the experimental animals, and at the least after the 
dogs are sacrificed when they lapse into poor condition Blood samples are col­
lected every second or third day during the early postoperative period, later once a 
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week Results obtained wi th 15 canine auxiliary liver grafts have been used for 
this study 
2 1 5 F O R C I N E A U X I L I A R Y L IVER A L L O T R A N S P L A N T A T I O N 
Adult Mmi-pigs weighing 15 to 25 kg are used for these studies Anesthesial 
surgical techniques and postoperative treatment are essentially the same as descri 
bed for the dog to dog procedure (chapter 2 1 4 ) Only short term perfused grafts 
are used in these experiments 
A total number of 8 porcine auxiliary liver grafts has been investigated The surgica, 
interventions carried out on the graft and on the recipients liver m the various 
auxiliary liver graft models are summarized m the fol lowing table 
Graft 
Recipient 
1) Rat 
2) Cat 
3) Dog 
4) Pig 
1) Rat 
2) Cat 
3) Dog 
4) Pig 
Hepatectomy Portal vein 
7 0 % 
7 0 % 
6 0 % 
5 0 % 
5 0 % 
5 0 % 
— 
supply 
+ 
+ 
-
-
-
-
(Portocaval shunt) 
(Portocaval shunt) 
Arterial 
supply 
-
-
+ 
+ 
+ 
+ 
+ 
+ 
Common bile 
duct present 
+ 
+ 
dram 
dram 
-
-
— 
2 2 E L E C T R O N M I C R O S C O P Y 
Small pieces of liver tissue obtained by surgical biopsies are transferred into 3% 
glutaraldehyde m 0 1 M cacodylate buffer (pH 7 0-7 2, 4 1 0 - 4 2 0 mosm) and cut 
into blocks measuring about 1 x 1 mm After fixation for 3 hours at 4°С the 
blocks are rinsed in 0 1 M cacodylate buffer + 7 % sucrose (pH 7 0-7 2, 4 2 5 - 4 4 0 
mosm) for 3 hours to 2 days at the same temperature Two percent osmiumtetro-
xyde in veronal-acetate buffer (Pelade) is used for postfixation for 1 hours After 
a short rinsing period, the blocks are dehydrated at room temperature m 30%, 50%, 
70%, 9 0 % alcohol for 4 minutes each and 2 changes (30 minutes each) m 100% 
alcohol, impregnated (2 changes, 15 minutes each) m 1-2 epoxypropane (propy­
lene oxide), fol lowed by 1 hour in a mixture (1 1 ) of 1-2 propylene oxide and 
Epon 812 Then the blocks are definitely embedded in epoxy resin (Luft 1967) 
The complete epoxy resin mixture contains Epon 812, dodecenyl succine anhydride 
(DDSA), methylnadic annydnde ( M N A ) and 2, 4, 6, -tri (dimethyl-ammo-methyl) 
phenol (DMP-30) as an accelerator m the fo l lowing ratio 
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Mixture A 372 ml Epon 812 + 600 ml DDSA 
Mixture В 500 ml Epon 812 + 455 ml M N A 
The complete mixture is composed of A + В in a ratio of 6 4 wi th 0 1 5 c c DMP-30 
for each 10 ml final mixture 
Polymerisation of epoxy resin is complete after storage for 24 hours each at 35°C, 
4 5 0 C and 60°C 
Routinely, sections are cut wi th an Ultramicrotome Reichert OM U2 and occasion­
ally with an Ultratome III (LBK) Glasskmves (Kmfemaker LKB 7800A) are used 
m all instances 
Semi-thin sections (0 5 μ η ) for the selection of important areas are stained wi th a 
5% toluidme blue m 2% borax solution 
Coppergnds (100-200 mesh) coated with formvar are used for the mounting of 
grey sections ( 4 0 0 - 6 0 0 A) Double contrasting is used for ultrastructural investiga­
tion Sections are stained for 20 minutes m saturated uranylacetate (Watson 
1958), carefully rinsed wi th double distilled water, dried and stained again for 10 
minutes in COa-free leadcitrate (Reynolds 1963, Stadhouders 1965) rinsed 3 times 
wi th double distilled water and dried Light microscopical micrographs are taken 
wi th a Leitz Orthomat and an Apoplan objective (40x), with a coverglass corrector 
on Gaevert 50 В 65 microfilm To examine thin sections a Philips electron micro­
scope type EM 300 is used Photographs are taken exclusively wi th a 35 mm came­
ra, wi th a 20 \im or 30 μιη objective diafragm at 40 kV or 60 kV on Kodak FGP fi lm 
Low power scanning micrographs are obtained wi th a diffraction diafragm of 100 
or 200 ц т at 60 kV or 80 kV 
2 3 L I G H T M I C R O S C O P I C A L H I S T O C H E M I S T R Y 
2 3 1 G E N E R A L P R O C E D U R E S 
Small pieces of liver ( 4 x 2 mm approximally), obtained by surgical biopsy are 
rapidly frozen in CO2 snow and cut into 10 \i.m thick sections m a Cryostat (Model 
880T Dittes-Duspiva) at about - 2 0 ° C 
The fol lowing enzyme reactions are carried out routinely 
1. Mg 2 + -Adenosine Triphosphatase (ATPase) 
2 5-Nucleotidase (5-Nase) 
3 Alkaline phosphatase (alk Pase) 
4 Acid phosphatase (ас Pase) 
5 Succinate dehydrogenase (SDH) 
6 Isocitrate dehydrogenase ( iCDH) 
7 Lactate dehydrogenase (LDH) 
8 Aspartate aminotransferase (AAT) 
9 Glucose-6-phosphatase (G-6-Pase) 
10 ß-Hydroxybutyrate dehydrogenase (ß-HBDH) ì 
i i In u.u 1 АО г, . / i r * \ /occasional investigations 
11 Naphthol AS-D esterase (Est ) J 
For the demonstration of dehydrogenases (5, 6, 7,10) the unfixed cryostat sections 
are degreased in acetone at - 2 0 ° C during г hour to prevent unspecific binding 
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of the reduced substrate during the incubation After short drying in air the sections 
are incubated for 30 min-60 mm at 37° С After incubation the sections are washed 
for 2 mm in distilled water and postfixed for 20 mm m a formaldehyde/dextran/-
calcium chloride mixture (Hardonk 1968), rinsed again in distilled water for 2 mm 
and embedded m an aqueous medium Nuclear counterstammg is not carried out 
For phosphatases ( 1 , 2, 3, 4) the fol lowing general procedure is carried out Prior 
to incubation the sections are fixed m the formaldehyde/dextran/calcium chloride 
mixture at 4 °С for 20 mm, rinsed m distilled water for 2 mm and incubated for 
30 mm—60 mm m the specific media at 37° С After incubation the sections are 
washed in distilled water for 2 mm and except for no 3 treated wi th a 0 5-1,0% 
ammomumsulphide solution for 15-30 sec After further rinsing in water the 
sections are embedded For alkaline phosphatase (3), after incubation and rinsing, 
the sections are treated for 10 mm with cobalt nitrate solution, then rinsed again 
and treated wi th ammomumsulphide solution For the demonstration of G-6-Pase 
activity (9) sections from unfixed tissue are incubated for 30 mm, fixed after in­
cubation and then transferred into the ammomumsulphide solution Counterstam­
mg is not used For enzyme no 8 (AAT) the sections are fixed in 1 % glutaraldehyde 
for 2 mm and rinsed 4x for 2 minutes m distilled water (pH 7 2-7 4) After incubation 
at 37° С for 3 0 - 6 0 mm they are rinsed again 4 times for 2 mm and treated wi th 
ammomumsulphide solution for 1 mm For enzyme no 11 sections are fixed as 
mentioned before, but after incubation ( 3 0 - 6 0 mm at 37°C) the sections are only 
washed in distilled water for several minutes and directly mounted in an aqueous 
medium In these cases too, no counterstammg is used Controls are obtained by 
denaturatmg the enzyme by heating the sections either prior to or after incubation 
without the substrate In some reactions specific inhibitors are used (See chapter 
2 3 2 ) For the demonstration of lipid and related compounds Sudan black В 
staining (Lison 1934) is used 
2.3 2 SPECIFIC RELATIONS 
Mg1*-Adenosine triphosphatase (Wachstem and Meisel 1957) 
20 ml Adenosine 5-triphosphate disodium salt (0 125%) pH 7 2 
30 ml Tris-maleate buffer (0 2 M) pH 7 2 
5 ml Magnesium sulphate (0 1 M) 
2 ml Distilled water 
3 ml Lead nitrate (2%) 
5-Nucleotidase (Wachstem and Meisel 1957) 
20 ml Adenosine 5-monophosphate, disodium salt (0 125%) 
20 ml Tris-maleate buffer (0 2 M) pH 7 2 
3 ml Lead nitrate (2%) 
Alkaline phosphatase (Gomon 1952) 
10 ml Sodium ß-glycerophosphate (3%) 
10 ml Sodium diethylbarbiturate (2%) 
15 
20 ml Calcium chloride (2%) 
5 ml Distilled water 
0 01 M L-cysteme is used as an inhibitor 
Acid phosphatase (Gomon 1952, modified by Barka and Anderson 1963) 
10 ml Sodium ß-glycerophosphate (1,25%) pH 5,0 
10 ml Tris-maleate buffer (0,1 M) pH 5,0 
10 ml Distilled water 
20 ml Lead nitrate (0,2%) 
0,01 M Sodium fluoride is used as an inhibitor 
Succinate dehydrogenase (Nachlas et al 1957, modified by Barka and Anderson 
1963) 
1,0 ml Sodium succinate (0,06 M) 
1,0 ml Phosphate buffer (0,2 M) pH 7,4 
0,5 ml Ringer solution 
2,5 ml Nitro BT (0,2%) 
Isocitrate dehydrogenase (Hess et al 1958, modified by Barka and Anderson 1963) 
0,1 ml DL-lsocitric acid 
0,25 ml Phosphate buffer (0,06 M) pH 7,0 
0,1 ml Magnesium chloride (0,05 M) 
0,1 ml Potassium cyanide (0,2 M) 
0,1 ml Distilled water 
0,1 ml NADP (0,4%) 
0,25 ml Nitro BT (0,4%) 
Lactate dehydrogenase and β-Hydroxybutyrate dehydrogenase (Hess et al. 1958, 
modified by Barka and Anderson 1963) 
0,1 ml Sodium DL-lactate (1,0 M) DL-Hydroxybutync acid sodium salt (1,0 M) 
0,25 ml Phosphate buffer (0,06 M) pH 7,0 
0,1 ml Magnesium chloride (0,05 M) 
0,1 ml Potassium cyanide (0,1 M) Sodium azide (0,1 M) 
0,1 ml Distilled water 
0,1 ml NAD (0,4%) 
0,25 ml Nitro BT (0,4%) 
Aspartate aminotransferase (Lee and Torack 1968) 
133 mg L-Aspartic acid 
14,61 mg α-Ketoglutaric acid 
170 mg Imidazole < m 50 ml distilled water 
4,2 gr Sucrose 
100 mg Lead nitrate 
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Glucose-6-phosphatase (Wachstem and Meise/ 1956) 
20 ml Sodium glucose-6-phosphate (0 125%) 
20 ml Tris-H CI buffer pH 6 7 
3 ml Lead nitrate (2%) 
7 ml Distilled water 
Prefixation with formalin inhibits enzyme activity. 
Naphthol AS-D esterase (Gossner 1958) 
12,5 mg Naphthol As-D acetate 
10 ml Dimethylformamide 
25 ml Phosphate buffer (0,2 M) pH 6 8-7 0 
15 ml Distilled water 
50 mg Fast blue RR 
The incubation solution is filtered before use 
Sudan black В (Lison 1934) 
0 1 % Sudan black В in 7 0 % ethanol, is heated and filtered after cooling and stained 
30 min-60 mm (roomtemperature) 
2 4 E L E C T R O N M I C R O S C O P I C A L C Y T O C H E M I S T R Y 
2 4 1 . G E N E R A L P R O C E D U R E S 
Small pieces of hvertissue measuring about 3 x 1 mm are fixed in various fixatives 
for different times Tissues are fixed m cold 1 7 % glutaraldehyde m 0,067 M 
cacodylate buffer (320 mosm pH 7 4) according to Sabatini et al (1963) for the 
determination of Acid phosphatase, unspecific Mg 2 + -Adenosine Triphosphatase, 
5-Nucleotidase, Alkaline phosphatase and Glucose-6-phosphatase After 3 hours 
the tissue pieces are left to rinse over-night m cold 1 5% sucrose in 0 014 M 
cacodylate buffer (350 mosm pH 7 4) In 4 % freshly prepared buffered paraform­
aldehyde (Graham and Karnovsky 1966) the fixation time is only 1 hour, and the 
tissue is rinsed over-night in the same solution For the demonstration of endoge-
neous peroxidase the tissue is fixed m cold 3% glutaraldehyde in 0 1 M cacodylate 
buffer (490 mosm pH 7 4) for 1-3 hours, and rinsed overnight m cold 0 2 M 
sucrose m 0 1 M cacodylate buffer (400 mosm ph 7 4) (Novikoff and Goldfischer 
1969) 
After the rinsing period the tissue is embedded m agar (7 %) and chopped at 40 ц т 
with a Sorvall Тс-2-chopper (Smith and Farquhar 1963) The chopped sections 
are incubated in a variety of media (see chapter 2 4 2 ) during 10-60 mm at room 
temperature or at 37 "C, postfixed m 1 % 0 s 0 4 , and fol lowing a further rinsing 
period dehydrated and embedded as mentioned in chapter 2 2 The thin sections 
are examined unstained (at 40 kV) or slightly contrasted with uranylacetate (at 
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60 kV) Only preparations for peroxidase m which lead citrate is used to enhance 
the reaction product (Cotran and Litt 1968) are routinely examined at 60 kV In 
general, for running controls either denaturated sections (after heating) or sections 
incubated m substrate free media are used In some reactions specific inhibitions 
are used (see chapter 2 3 2 ) 
2 4 2 S P E C I F I C R E A C T I O N S 
Acid phosphatase (Barka and Anderson 1963) 
10 ml sodium ß-glycerophosphate (1 25%) 
10 ml Tns-maleate buffer (0 1 M) pH 5 0 
10 ml double distilled water 
20 ml lead nitrate (0 2%) 
Unspecific Mg1^ Adenosine Triphosphatase (Wachstem and Besen 1964) 
20 ml Adenosine 5'-triphosphate disodium salt (0 125%) 
20 ml Tns-maleate buffer (0 2 M) pH 7 2 
5 ml Magnesium sulphate (0 1 M) 
2 ml Double distilled water 
3 ml Lead nitrate (2%) 
Alkaline phosphatase (Oledzka S/otwinska et al 1967) 
10 mg Cytidme 5'-monophosphate, disodium salt 
6 4 ml Tns-maleate buffer (0 2 M) pH 7 2 
2 0 ml Magnesiumchlonde (0 025 M) 
1 0 ml Sucrose (2 M) 
0 6 ml Lead nitrate (2%) 
Glucose 6 phosphatase (Hugoη et al 1970) 
32 ml Coupler medium (containing 5 ml lead nitrate (1 %) m 15 ml Tris maléate 
buffer pH 6 5) 
8 ml Sodium glucose-6-phosphate 
7 5% Sucrose 
5-Nucleotidase (Mao et al 1966) 
20 ml Adenosine 5'-monophosphate, disodium salt (0 125%) 
20 ml Tns-maleate buffer (0 2 M) pH 7 2 
3 ml Lead nitrate (2%) 
5 ml Magnesium sulphate (0 1 M) 
2 ml Double distilled water 
Peroxidase (Graham and Karnovsky 1966, Novikoff and Goldfischer 1969) 
5 mg 3 З'-Diaminobenzidme tetrahydrochlonde 
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10 ml Tris-HCI buffer (0.05 M) pH 7.6 
0.01 % H2O2 
or 
20 mg З.З'-Diaminobenzidme tetrahydrochloride 
9.8 ml 2-amino-2-methyl-1.3-propandiol buffer (0.05 M) pH 10 
0.2 ml freshly prepared 1 % H2O2 
2.5. C L I N I C A L C H E M I S T R Y 
2 . 5 . 1 . SERUM ANALYSES 
Using the'Biochemica Test Combination' (Boehringer GMBH), routinely eight se­
rum enzymes and three serum constituents are determined. 
I . Alkaline phosphatase, 2. Lactate dehydrogenase, 3. Lactate dehydrogenase-1-
isoenzyme, 4.5. Transaminases (GOT and GPT), 6. Cholinesterase, 7 Leucine 
aminopeptidase, 8. Acid phosphatase, 9. Cholesterol, 10. ß-Lipoproteins, and 
I I . Lactate. In rat liver transplantation experiments serum analyses are determined 
only at longer intervals to avoid uncontrolable side effects caused by frequent 
withdrawal of blood. Serum enzyme activity in the other liver transplantation expe-
riments sometimes can not be fol lowed at regular intervals, since it is frequently 
impossible to get unhemolized blood from those grafted animals. 
2.5.2. ELECTROPHORESISAND QUANTITATIVE DETERMINATION OF SERUM 
PROTEINS 
For the evaluation of serum protein patterns SEPRATEK electrophoresis (Gelman) 
and Disc electrophoresis are used. Both techniques separate particularly rat serum 
more satisfactorily than other electrophoretic techniques. 
a. SEPRATEK electrophoresis consists of a multi-applicator, an application block 
and the buffer chamber with a membrane frame assembly. Eight different samples 
(or four duplicates, resp.) can be applied to one SEPRAPHORE III cellulose polya-
cetate membrane. Using the high resolution buffer (Gelman) and a run of 25 mm 
at 1 60 V, the samples can serve either for the evaluation of serum protein pattern 
after staining with Amido Black 10B, or for the detection of LDH isoenzymes after 
incubation with a standardized substrate (LDH capsules) and staining according 
to the 'substrate strip sandwich method' (Gelman). 
b. Disc electrophoresis is a zonal electrophoresis performed in Polyacrylamide 
(Pfleuger's Acrylphor) according to Bloemendal (1963). For rat serum, diluted 
1 : 2 with physiologic saline, the run is 70 mm, and 90 min for other sera, diluted 
1 : 2. The electrophoretic run is carried out at 30 mAmp and 100 to 130 V with 
bromophenol blue as an indicator in all cases. Protein can be estimated in the gel 
column after staining with a saturated solution of Amido Black 10B and removal 
of excess dye by means of electrophoresis. For quantitative determination of total 
protein and albumin content, commercial diagnostic test reagents (Baker) are 
used. Blood is obtained from rats via the tail vein, and from other animals via a 
superficial cubital vein or the vena saphena, resp.. Serum is obtained by centri-
fugation of the coagulated samples. Only unhemolysed sera are used, particularly 
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for LDH electrophoresis (Lubran 1968) When not directly used, the sera are 
stored at 4°C or at -20°C, which does not influence the electrophoretic pattern 
noticeable For the estimation of the LDH pattern, however, the serum is kept at 
room temperature since storage at low temperature results m a distinct decrease 
of enzyme activity 
2 5 3 . D E T E R M I N A T I O N OF U N S P E C I F I C LIVER ESTERASE 
The activity of the unspecific liver esterase is determined quantitatively according 
to a method described by (Amon and Jaarma 1950) and Jorgensen (1959) and 
modified by v. Mayersbach and Jap (1965) and Jap (1967) using ethyl-n-
butyrate as substrate (Burch 1954) 
Briefly outlined, the procedure is as follows Ten mg liver tissue m 0 4 ml physiolo-
gic saline is homogenized in a glass homogemzer fitted with a teflon pestle After 
centrifugation at 1800 RPM for 10 minutes, 0 1 ml is pipetted m a 5 ml vessel and 
0 1 ml ethyl-n-butyrate 1 . 1 emulsed with H2O, is added as a substrate During 
the subsequent incubation period of 20 mm at 37 °C, the reaction product is con-
tinuously neutralized with 0 01 M NaOH. The enzyme activity is expressed in mg 
of NaOH per 20 minutes (37°C) needed for the neutralization of the butyric acid, 
which is formed through the splitting of the ester bond by the unspecific esterase, 
m 100 mg liver wet weight. The complete titngraph equipment (RADIOMETER-
Copenhagen) consists of titrator type TTTI, a SBU1 syringe burette and an appro-
priate electrode assembly combined with a syringe burette recorder type SBR2 
The optimal reaction temperature is controlled by a continuous flow in the double 
walled reaction vessel ('Programmgeber', HAAKE TP 32 Berlin) 
The reader is referred to chapter 7, 8, 9 for figures, micrographs and legends 
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3 Results 
3 1 W I S T A R R A T T O W l S T A R R A T A U X I L I A R Y L IVER H O M O -
T R A N S P L A N T A T I O N 
3 1 1 P O S T O P E R A T I V E C O U R S E 
In a first sene of auxiliary liver transplantations, carried out m October and November 
1969, 7 of the 21 animals did not survive the critical early postoperative phase 
These animals died of thrombosis, mostly of the portal vein branches and subse-
sequent bleeding from the inflow and outf low anastomoses Between 1 and 8 
weeks after transplantation one animal was lost due to systemic infection, and 
three animals died of biliary leakage and subsequent bile peritonitis The final stage 
of this complication was preceded by a short period of moderate jaundice and 
biliary stasis in the transplant A fistula of the common bile duct or of the chole-
dochoduodenostomy could not be detected Three animals succumbed due to 
typic and atypic rejection of the graft Six rats survived longer than 14 months, and 
two longer than 18 months The others died of diseases of old age, e g mesangios-
clerosis 
In the fol lowing series the incidence of early postoperative lethal complication 
decreased due to the dexterity wi th which the microsurgical operating procedures 
were carried out At the present time the fol lowing numbers of transplanted rats 
are still alive (between brackets the months after transplantation) 23 (1 ), 15 (3), 
9 (6), 8 (10), 7 (12), and 4 (14) 
In the long surviving animals, the recipient's own liver atrophied, showed fibrosis 
and almost disappeared The transplant, however, gradually increased m size and 
achieved a volume about 3 times that of the original graft 2 to 3 months after 
transplantation, and about 4 times after one year 
Microscopical investigations reveal the number of mitotically dividing hepatocytes 
to increase rapidly from the end of the first post-transplantation week on, reaching 
a maximum number between 20 and 40 days after transplantation Subsequently, 
the mitotic figures decrease steadily, however, their number is larger than in con-
trols even 350 to 400 days after transplantation 
From the practical point of view it appears convenient to divide the postoperative 
course into 5 periods 1 adaptation period (first week after transplantation, 
II period of rapid compensatory hypertrophy (2 to 5 weeks), III period of leisurely 
complementory hypertrophy (6 to 12 weeks) , IV period of stabilization (13-18 
weeks), and V the period of permanence (19 to 60 weeks and longer) 
During all these periods the gross appearance and the consistency of the trans-
plants were almost normal, only a few grafts showing a thickened liver cap-
sule 
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3 1 2 SUBMICROSCOPICAL FEATURE OFTHE RAT AUXILIARY LIVER GRAFT1 TO 
60WEEKSA FT ERTRANSPLANTAT ION 
The submicroscopical appearance of the normal rat hepatocyte is used in many 
textbooks and articles as an example for general cellstructure Therefore we refer 
to the descriptions given by Novikoff and Essner (1960), Rouiller and Jezéquel 
(1963), David (1964), Brum and Porter (1965) 
First period, 1 week after transplantation ('adaptation period') 
Light microscopical examination of semi-thin sections, and low power electron 
micrographs reveal a variety of changes The overall picture is quite non-uniform 
due to different aspects of the hepatocytes There are also differences between 
different grafts 
Whereas the hepatocytic nuclei and nucleoli show no changes, there is a remark-
able dilation of the whole RER* The RER profiles surrounding the nucleus have the 
appearance of communicating 'ballooned' cisternae In other regions, although 
swollen, the profiles are packed together, whereas the RER between the mito-
chondria is fragmented, and the dilated cisternal elements contain a hazy electron 
dense material In other grafts, however, the RER is less swollen but partly also 
fragmented Between the irregularly distributed fragmented RER, helix-like poly-
somes (cochleosomes) can be noticed In these grafts, the amount and distribution 
of glycogen is as in normal controls 
In most liver lobules the mitochondria appear of normal density Some show a 
decreased number of cristae which are localized more or less panetally In one 
graft the distribution of mitochondria is not as regular as m the others, since the 
mitochondria tend to accumulate in certain areas 
Most bile canaliculi are distinctly dilated, frequently triangular, and bordered by 
slightly condensed hepatocytic cytoplasm Their lumina may contain a moderately 
dense substance in one graft, or are empty m another Whereas m some canaliculi 
the microvilli are slightly reduced m number but of normal shape, m others there is 
a distinct loss of villi and a gross ballooning of hepatocytic extensions which 
evaginate into the canalicular lumen A distinct change m number of lysosomal 
and/or other organelles is not noticeable in every case Around several bile canali-
culi there is an increase m dense bodies, probably representing microbodies 
Near some bile canaliculi the hepatocytes interdigitale The sinusoids are dilated 
in some instances and mostly contain a variety of cells In some sinusoids we note 
a partial or total loss of the light endothelial cells At these places all components of 
the circulating blood are allowed to come in contact directly with the free hepato-
cytic surface and hepatocytes show a distinct increase m number of fuzzycoated 
vesicles (acanthosomes), which contain a moderate dense material indicating an 
increased uptake of substances from the circulating blood The remaining endothe-
lial cells frequently exhibit cytoplasmic bleb formations either bulging into the 
sinusoidal lumina or closely mterdigitatmg with the hepatocytic surface Easily 
distinguishable from remaining lining cells are two types of mononuclear cells 
which can be found (to have 'replaced' the endothelial cells) or to have entered 
the space of Disse These cells show cytoplasmic prolusions mtussuscepted into 
RER granular endoplasmic reticulum 
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the hepatocytic cytoplasm There is, however, no alteration of the hepatocyte 
membrane at these points of invagination One cell type has mostly a bi-lobulated 
nucleus and a very broad, irregularly shaped cytoplasmic rim comparable to an 
undulating membrane, sparcely distributed RER profiles, but numerous free 
ribosomes and a polarity of mitochondria There are other electron light cells with 
an indented nucleus, free polyribosomes only, very few RER profiles and 2 or 3 
mitochondria per section 
Other cells with which the sinusoids may be stuffed are obviously macrophages 
wi th phagocytized material and numerous distinct vacuoles, others are unmistake-
bly plasmacells Small dense lymphocytes can easily be distinguished, too 
One graft of this group shows a remarkable feature A fluffy, electron dense amorph­
ous substance fills the space between the elongated hepatocytic microvilli and the 
free surface of the hepatocytes as well as either the originally narrow space of 
Disse, or the space between the hepatocytes and the above mentioned electron 
light, non-endothelial cells or the incidentally interspersed plasmacytes 
Second period, 3-5 weeks after transplantation, ('period of rapid hypertrophy') 
In most cases the overall appearance of the individual hepatocytes is no longer as 
non-uniform as during the first week The nuclei of the liver cells show marked 
nucleoli, occasionally they are polymorphic, exhibit deep nuclear indentations and 
marked chromatme condensation beneath the nuclear membrane In some cases, 
there is great variation m electron density, some hepatocytes staining more, others 
less intensely than the majority of liver cells ('light' and 'dark' hepatocytes) In 
most hepatocytes that part of the RER which is concentrically arranged around the 
nucleus is dilated In some liver cells the RER between the mitochondria is distended 
and of vesicular appearance It can be clearly demonstrated that this is caused by 
an abrupt interruption of the dilated terminal cisternal elements of the packed RER 
lamellae, and their replacement by fragmented SER * Between these elements are 
scattered α glycogen particles some peroxisomes and dense lysosome-like bodies 
In the light hepatocytes the RER tends either to form packets of lamellae, or to 
fragméntate locally, but in these cases a hypertrophy of the SER is noticed In 
several normal and 'dark' hepatocytes packets of normal RER are frequently ar 
ranged either juxtanuclearly or at the periphery of the cell 
Glycogen is irregularly distributed m most hepatocytes In some cases, the glycogen 
areas are localized at the periphery of the hepatocytes Occasionally, a juxtanuclear 
distribution can be noticed Frequently, glycogen tends to accumulate m two areas 
at opposite sides of the liver cell Since large accumulation occupy almost a hepa-
tocytic sector, leaving open the nucleus in the centre, the occur m a 'bow-t ie ' like 
formation m other cells a- and β glycogen particles are distributed nearly through­
out the whole cell, and autophagic vacuoles containing glycogen are quite common 
Whereas m most grafts the mitochondria are more or less normally distributed and 
more uniform than during the first days after transplantation, m some grafts they 
differ m electrondensity, size and shape The smaller ones have a condensed 
matrix the larger ones appear 'cloudy', swollen and lighter, and membrane ruptures 
can be noticed There are also indications of mitochondrial polymorphism Some 
* SER agranular endoplasmic reticulum 
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reveal a strange double coiled form, others a fusion of 2 forms In the ' l ight' hepato-
cytes mitochondria tend to accumulate in several areas of the cell 
The bile canaliculi show various aspects, but m general no severe changes Whether 
they are widened or not, they frequently exhibit interlacing, blebformation of hepa-
tocytic microvilli, or reduction to a few plump microvillar projections Most lumina 
contain either an electron dense material, presumedly coagulated protein mixed 
wi th bile substances or bile pigment Around the sometimes dilated bile canaliculi 
an increase in number of lysosomal elements is occasionally seen Peroxisomes 
are present m variable diameters too, but they appear reduced m number At higher 
magnification the nucleoid is very pronounced, and the matrix contains several very 
electrondense clusters The enclosing membrane is dilated and assumedly ruptured 
m some instances 
In some grafts at the sinusoidal site, two characteristic changes are noticed regular-
ly First, there is a partial loss of the lining endothelium m most sinusoids, and at 
these places the hepatocytic microvilli are pressed closely to the cell surface by the 
sinusoidal content In areas wi th remaining endothelial cells the space of Disse is 
widened 
The other striking feature is a dark, condensed mass sandwiched between the 
microvillar projections The same material seems to continue between the hepato-
cytic mterjunctional spaces due to a breaking off of the junctions at the site of the 
sinusoidal lumen In most cases this dense substance is amorphous but occasional-
ly it consists of a highly condensed, packed filamentous material which, however, 
does not resemble fibrin or amyloid, resp Occasionally reticulm fibres can be 
distinguished 
Whether there is a lining endothelium or not, the free border of the hepatocytes 
shows an increased number of bristle coated vesicles and small caveolae containing 
low density lipoprotein located between the scattered glycogen and the branched 
or pmched-off SER In these areas the mitochondria are of quite normal size, only 
a few are swollen or polymorphic The hepatocytes appear to take up the amorph-
ous, electron dense substance covering the hepatocytic surface by increased pmo-
cytotic activity 
Surprisingly, rests of liver cell organelles can be demonstrated in the sinusoidal 
lumen quite frequently 
Most sinusoids are stuffed wi th erythrocytes, light, swollen phagocytizmg cells, 
which may belong to the Kupffer cell series Typical Kupffer cells contain a large 
amount of phagocytized material and show bleb formations which frequently oc-
cupy the whole lumen Several swollen endothelial cells with rounded and blebbmg 
and/or discontinuous cytoplasmic extensions can also be distinguished Their cyto-
plasm is very pale, swollen and poor m organelles They resemble m some cases 
'light infiltrating' cells Some show phagocytic activity and have store a dense 
material m round vacuoles Here and there a fat storing cell is seen between liver 
cells and a Kupffer cell Fat-storing cells show no remarkable changes 
Besides several polymorphonuclear cells and some typical monocytes, most sinu-
soids contain numerous free mononuclear cells which are difficult to classify Their 
common feature is a more or less abundant and less electron dense cytoplasm. 
Three types of these 'l ight' cells can be distinguished 
1 A round cell with an indented or irregular nucleus and a marked nucleolus The 
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nuclear membrane is irregulary dilated The cytoplasm exhibits numerous caveolae-
very sparse RER profiles which are frequently fragmented and dilated, and only a 
few rounded mitochondria Remarkable is the presence of large vacuoles which 
contain fermine Several cytoplasmic extensions can be distinguished 
2 In a second type the nuclei and nucleoli leap to the eye in the pale cytoplasm 
The nuclear membrane is not widened There are fewer small vesicles and fragment 
RER profiles than in the first type, but the number of bristle coated vesicles is 
increased, and the cytoplasmic extensions are much longer Large phagocytic 
vacuoles are localized near the indented nucleus At several places these cells 
appear to be a continuation of the lining sinusoidal endothelium In both cell types 
a Golgi area can be distinguished only in appropriate sections The Golgi areas are 
smaller and distinctly less numerous than m Kupffer cells 
3 A third type of light cell is round and shows a very pale cytoplasm In appropriate 
sections, the nucleus is round and indented with a pronounced nucleolus Mito-
chondria are grouped near and within the nuclear indentation The RER is some-
what dilated and sparsely distributed A few free polysomes can be demonstrated 
Apparently Golgi areas are not developed m each cell Scanning micrographs of one 
graft (30 days after transplantation) reveal a certain disarray of the familiar arrange-
ment of the liver cell plates On the one hand the sinusoids are widened, and on the 
other there are compact areas of hepatocytes, which tend to form gland-like 'tubular 
structures'. In this graft the difference between light and dark hepatocytes is not 
very striking. In the periportal areas and m the periphery of the liver lobules there is an 
increase in the amount of reticulm and/or collagenous fibres, as well as m number 
of fibroblasts These changes are associated with a proliferation of cholangioles 
Third period, 6 to 12 weeks after transplantation, period of leisurely complementary 
hypertrophy ('equilibration') 
In the early third period the aspect of hepatocyte population is heterogeneous, 
consisting of large, electron light cells as well as small electron dense cells inter-
mixed with parenchymal cells of normal appearance Most liver cell nuclei reveal 
no changes, those of the 'dark' cells, however, are somewhat wrinkly The number 
of ' l ight' and 'dark' cells appears to decrease in the late third period, but varies from 
graft to graft 
Packed lamellae of RER can be found scattered throughout the whole cell The 
RER lamellae are more condensed between accumulation of mitochondria, some-
times arranged m parallel stacks and studded with numerous ribosomes Free 
ribosomes are arranged m chamlike formations and/or as solitary helices This gives 
the appearance of a dark hepatocytic groundplasm In other hepatocytes or grafts, 
resp , the intermitochondrial RER profiles arefragmentated, and occasionally hyper-
trophy of the SER can be noticed 
Most hepatocytes contain large glycogen areas entirely surrounding the nucleus 
or m a 'bow-t ie ' like formation with the nucleus as the centre 'Light' hepatocytes, 
however, exhibit no glycogen areas, but glycogen particles scattered throughout 
the whole cell 
Generally, there is a tendency of mitochondria to localize at the periphery, they are 
numerous and appearto be more dense than m the controls On the other hand, there 
are also electron light, swollen mitochondria, particularly m the ' l ight' hepatocytes 
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Most bile canaliculi are distinctly dilated, but usually empty wi th the exception of 
'rambling' extensions of the hepatocytic cytoplasm Others show irregular folds 
and a decreased number of microvilli The ectoplasm adjacent to bile canaliculi 
shows numerous mterdigitations with differentiation to tight junctions Lysosomes, 
and particularly dense peroxisomes, tend to accumulate around the bile canaliculi 
In most hepatocytes, also in the dark ones, the microbodies are slightly bigger than 
those of the light cells and are of a more regular (hexagonal) shape 
The lining endothelium of many sinusoids is discontinuous and exhibits large gaps 
Remaining endothelial cells are swollen, exhibiting a very electron light cytoplasm 
and sparsely distributed organelles 'Bleb' formations at the surface are frequent 
In other regions a sinusoidal endothelium is not detectable In these areas the free 
border of the hepatocytes is enlarged by long microvilli, frequently with dilated 
blebs which protrude into the sinusoidal lumen Occasionally the mterjunctional 
spaces between the hepatocytes are broken up and erythrocytes are afforded close 
contact with the intercellular liver cell membrane 
Without exception, m all grafts a fluffy, moderately electron dense substance is 
condensed on the free hepatocytic surface of the liver cells which thus appear to be 
demarcated by dark boundenes from the sinusoidal lumen The hepatocytes show 
not only an increased number of bristle coated vesicles, but also of large, smooth 
vesicles beneath the cell membrane 
There are indications that at least some of these fuzzy vesicles are involved m the 
uptake of this amorphous substance. 
Most sinusoids are stuffed wi th a variety of cells Most prominent are phagocytizmg 
cells, among which particularly typical Kupffer cells are involved in the uptake of 
foreign material and cell debris The electron light mononuclear cells, described 
m detail above (2nd period), are also numerous Some exhibit long, spongy cyto-
plasmic protrusions 
In the periportal areas of one graft the sinusoids show a marked increase m reti-
culm fibres Furthermore, cholangioles proliferate and exhibit mitotic figures In 
this region dark hepatocytes are found, showing cytoplasmic protrusions which 
are m close contact with mononuclear, presumable lymphoid cells The portal con-
nective tissue is infiltrated with macrophages, fibroblasts and several neutrophilic 
granulocytes. 
Fourth period, 13 to 18 weeks after transplantation ('period of stabilization' ) 
Scanning electron micrographs reveal the existence of electron 'light' as well as 
electron 'dark' hepatocytes m some grafts, while other grafts show a quite homo 
geneous picture The RER is more dilated m the light hepatocytes than in the dark 
ones It is mainly localized permuclearly or m association wi th mitochondria and m 
the hyaloplasm as packed formations The packed lamellar formations exhibit a 
certain polarity, and are frequently localized at the periphery of the cell A striking 
feature are the discrete glycogen areas between the packed RER lamellae Large 
glycogen areas include here and there some lipid droplets or are interspersed with 
some elements of the SER and/or of fragmentated RER The mitochondria of 
hepatocytes of all types are of normal appearance but tend to accumulate at the 
periphery of the cells 
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Most bile canaliculi are variable in shape due to hepatocytic protrusions. Some 
canaliculi are dilated and the microvilli are reduced m number. Their lumina may 
contain a moderately dense substance. Whereas peroxisomes appear to be fewer 
m number, there is m most grafts a small increase in lysosomal elements m the 
pericanalicular area, and autophagic vacuoles can easily be demonstrated. 
The lining endothelium is discontinuous and even completely absent m numerous 
sinusoids of all grafts examined during this period. Several remaining endothelial 
cells exhibit a small rim of light cytoplasm with a bulging nucleus, a large number 
of fuzzy coated vesicles and occasionally ferritin containing caveolae. Others 
contain lipid droplets and vacuoles stuffed with an osmiophilic substance, sug-
gesting a kind of 'bulk endocystosis'. Furthermore, early mitochondrial degenera-
tion can be observed, and there is no evidence of an increase in number of bristle 
coated vesicles The hepatocytic microvilli are well developed, and the resorption 
activity of the liver cells is illustrated by the uptake of lipoprotein and other sub-
stances via coated vesicles. 
The electron dense substance, which was particularly prominent during the second 
and third period, is still present in the early fourth period. It can include some 
lipoprotein granules, is localized between the microvilli, and can penetrate deeply 
into the intercellular space. Fifteen to 18 weeks after transplantation this amorphous 
substance appears reduced in an increasing number of grafts. After fixation with 
OSO4 only, the dark dense osmiophilic substance is more marked and covers the 
plump and stalky, branched hepatocytic microvilli. Since it consists of both an 
amorphous mass and a filamentous structure, it shows a flocky appearance and 
resembles f ibr in; but lacks the typical periodicity. There are, however, areas and 
sinusoids m which this substance is completely absent, independent of whether 
there is a lining endothelium or not. 
Most sinusoids are dilated and contain erythrocytes, some polymorphonuclear 
granulocytes and occasionally a typical lymphoid cell, or even a degenerating, 
shrunken hepatocyte. Some Kupffer cells and the above mentioned electron light 
mononuclear cells are present. A large number of fat-storing cells can be noticed, 
too, occurring in typical positions, i.e. in the perisinusoidal recesses. With the ex-
ception of a distinctly dilated RER these cells show no changes. 
Fifth period, 52 to 58 weeks after transplantation, stationary period ('permanency'). 
With few exceptions the ultrastructural features of the very long surviving auxiliary 
liver grafts resemble those of grafts of the 4th period. In most cases the hepatocytes 
are quite regular. There are, however, liver cells of very low electron density mter-
persed between the normal hepatocytes m some grafts. Their light aspect is caused, 
and intensified, by cloudy swollen mitochondria, a distended and fragmented RER, 
as well as a large number of myelin figures. Their nuclei are dark and somewhat 
pyknotic with a dilated perinuclear membrane. 
In most other liver cells the aspect of the RER is inhomogeneous, even in adjacent 
cells. Hepatocytes exhibit either normal, packed RER profiles or dilated RER lamel-
lae. Dilation, however, is not as extended as during the early post-transplantation 
stages, but still striking, particularly in the juxtanuclear region. Frequently, dilation 
of the RER is associated with the occurrence of helicoidal polysomal structures 
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(cochleosomes) Frequently, the perinuclear RER forms dilated concentric layers 
Their outer profiles either turn outwards and end abruptly, or continue in radial 
stacks of flattened RER 
Glycogen areas are mostly localized at the periphery of the cell and tend to accu-
mulate m two areas at opposite sides 'Bow-t ie ' like formations are quite frequent 
Irregularly distributed glycogen particles are also dispersed between SER elements 
Mitochondria exhibit only slight differences m electron density The microbodies 
are moderately electron dense and show marked nucleoids They appear increased 
in number and in size Frequently they accumulate m clusters immediately adjacent 
to glycogen areas 
The bile canahculi are somewhat dilated and appear to be branched m sections 
because of the presence of cytoplasmic extensions of adjacent hepatocytes The 
microvilli are reduced in number, and the canalicular lumen frequently contains 
bile pigment 
There are also a few coated vesicles and some filamentous condensation m the 
terminal areas Adjacent hepatocytes exhibit distinct 'close-contactpomts' (Orci 
et al 1971 ) Lysosomal structures accumulate m the vicinity of bile canahculi 
Some lysosomes contain lipofuscm, others are undoubtedly glycogenosomes The 
microbodies are larger and more polymorphic than in the controls 
As during the previous periods, most sinusoids lack a lining endothelium The 
remamg endothelial cells are swollen Several deep mterhepatocytic clefts can be 
noticed They result from a breaking off of the outer 'close junctions' A decrease 
m the amount of the fluffy, electron dense substance, which was already noticed 
during the 4th period, is now very distinct, m some places it is no longer demonstra-
ble However an increased number of reticulm fibrils is present m some spaces of 
Disse or its remaining equivalents The lack of sinusoidal endothelium, and the loss 
of the amorphous substance previously noticed, m and upon the microvillar space 
allow all components of the circulating blood to come into direct contact with the 
free hepatocytic surface m most sinusoids An increased number of fuzzy coated 
vesicles may indicate an increased uptake from the circulating blood 
The sinusoids contain the same variety of cells which were a characteristic feature 
during the previous periods In contrast to the early periods, phagocytizmg cells 
appear to be more prominent 
Corresponding to the light microscopical picture also the scanning electron micro-
graphs of one graft reveal a quite heterogenous appearance of the periportal areas 
This is caused by infiltrating fibroblasts, outgrowing bile ducts and accumulations 
of neutrophilic granulocytes The more centnlobular, the more regular and normal 
is the overall aspect In altered areas the hepatocytes are irregularly shaped, they 
show polymorphous and frequently pyknotic nuclei, as well as swollen, ballooning 
mitochondria The picture of midzonal and centnlobular hepatocytes however does 
not differ from that of the other long living grafts 
3 1 3 S U B M I C R O S C O P I C A L F E A T U R E 0 F T H E R E C I P I E N T S LIVER 
First and second period 
Already a few days after the insertion of an auxiliary liver transplant the recipient's 
own liver shows distinct alterations The hepatocytic nuclei appear quite normal, 
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except for some lipid inclusions The nuclear membrane as well as the whole RER, 
inclusively its fragmented parts, are dilated The mitochondria undergo a change m 
matrix density, and frequnetly there are autophagic vacuoles containing remnants 
of mitochondria and their enveloping, dilated RER Clusters of glycogen can be 
detected m the periphery of the liver cells and some hepatocytes show accumula-
tions of lipid droplets There are no significant aberrations m number and size of 
lysosomes and microbodies, however the microbodies exhibit a very marked and 
intensified nucleoid The bile canahculi are widened and filled with an electron-
dense material as well as with bile pigment A loss of canalicular microvilli is 
common The sinusoids are all stuffed wi th several types of cells Very striking are 
macrophages with phagocytized bile pigment and erythrocytes which can be not i-
ced between the infiltrating fibroblasts and lymphoid cells Colagenous fibres are 
not yet present m this period In the periphery of the lobules cholangioles start to 
proliferate 
Third and fourth period 
The overall survey reveals a quite mhomogeneous appearance with an atypical 
arrangement of hepatocytes, proliferating bile ducts, mast cells and macrophages 
Some of the remaining liver cells show pyknotic nuclei, the mitochondrial popula-
tion varies in the density of their matrices The RER is somewhat distended and 
fragmented Glycogen particles are mainly found m the periphery of the cell The 
lining endothelium has become as discontinuous as m the graft Moreover, an 
amorphous dense substance is deposited m the intact spaces of Disse The lumina 
of the sinusoids are filled with macrophages, infiltrating fibroblasts and bundles of 
collagenous fibres Dissociated remnants of hepatocytes also bulge into the lumen 
Proliferating cholangioles accompanied by fibroblasts, mastcells and other mono-
nuclear cells, are particularly noticeable m the portal areas 
Fifth period 
Generally, the recipient's own liver atrophies and disappears after a few months 
In a few cases, however, several hepatocytes remain within the non-specific gra-
nulation tissue In these cases low power micrographs show an enormous increase 
in collagen fibres These remaining hepatocytes are quite non-uniform Whereas 
their nuclei reveal no distinct deviations, their mitochondria are denser and more 
polymorphic than normally They also appear to be smaller and tend to elongate, 
even bizarre forms are noted The microbodies are decreased m number The hepa-
tocytes lack glycogen areas and the few scattered a-particles are smaller than m 
normal livers or m the graft, resp The RER consists of several closely packed, 
elongated, but non-dilated lamellae There is evidence of an increased number of 
SER fragments, its vesicles seem to be swollen and polymorphic The widened bile 
canalicuh exhibit plumper microvilli and a moderately dense material in the lumen 
An increased number of lysosomes m their neighbourhood is noted The sinusoids 
are irregular m form and are mostly filled with bundles of collagen fibres The 
lining cells are frequently disrupted and discontinuous One can distinguish again 
the dense fluffy material m the intact spaces of Disse, but more reticulm fibres are 
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interspersed, contrary to conditions in the graft Very frequently the cell membranes 
of the hepatocytes are disrupted, and hepatocytic fragments turn up into the 
sinusoidal lumina In addition to these fragments a grey, dense material, probably 
coagulated serum, and numerous macrophages are distributed throughout all liver 
sinusoids 
3 1 4 H I S T O C H E M I S T R Y O F T H E G R A F T A N D T H E R E C I P I E N T S L IVER 
First period 
Mg 2 ~-Adenosine Triphosphatase 
Graft The periportal areas are accentuated by strands of proliferating connective 
tissue, infiltrating cells and outgrowing bile ducts These structures react strongly 
positive In the periphery of the lobules the bile canalicuh stain strongly, but irregu­
larly The granular precipitate is discontinuous The sinusoids react strongly, and 
show conspicuous irregularly localized accumulations of the reaction product 
Distally the intercalated veins are intensely stained 
Recipient's liver ATPase activity is quite regularly distributed The large areas wi th 
proliferating connective tissue and its associated cells as well as the cholangioles 
react strongly Inspissated, yellow bile pigment in larger bile ducts is negative The 
sinusoidal activity appears to be increased, but is irregularly distributed The bile 
canaliculi are dilated due to bile stasis and exhibit a granular, knobby reaction 
product 
5-Nucleotidase 
Graft The peripheral strands of connective tissue show little activity In contrast 
to ATPase activity, 5 Nase is active m intercalated veins and also in the adventitia 
of the portal vessels The sinusoidal activity shows an overall increase, and the bile 
canaliculi stain intensely 
Recipient's liver The enlarged fibrotic areas m the lobular periphery are highly 
active Whereas the enlarged cholangioles stain intensely, their contents, ι e bile 
pigment, exhibit the original yellow colour The sinusoidal activity is distinct and 
regular in the lobular periphery and increases toward the centnlobular zone In 
general, the activity is higher than m the graft 
Alkaline phosphatase 
Graft The periportal connective tissue is only slightly active However, some cells 
infiltrating these areas show positive alk Pase activity The bile canaliculi of all 
lobular zones are distinctly outlined by the reaction product, but they appear to be 
less active than those of the recipient's liver 
Recipient's liver The bile ducts within the enlarged periportal areas stain strongly 
There are also numerous positively reacting infiltrating cells in these areas In bile 
canaliculi large amounts of the reaction product are precipitated, and particularly 
plugs of inspissated bile are distinctly overstamed With this reaction branched bile 
canaliculi can be demonstrated in the centnlobular region Although the sinusoidal 
activity is lower than m the graft, the total activity appears to be increased 
Acid phosphatase 
Graft The periportal strands of connective tissue contain numerous positively reac-
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ting cells In the hepatocytes the number of penbiliary lysosomes is somewhat 
increased, resulting m a picture of an overall higher acid phosphatase activity than 
m controls 
Recipient's liver The activity of this lysosomal enzyme can be demonstrated m the 
abundant cellular elements of the perilobular connective tissue Hepatocytes are 
also highly active due to accumulation of numerous lysosomes In the recipient s 
liver the activity of acid phosphatase is distinctly higher than m the graft 
Succinate dehydrogenase 
Graft A very weak activity of the strands of periportal proliferating connective 
tissue is demonstrated by a reddish-purple colour of the reaction product, indicating 
a partial reduction of tetrazolium salts to the red monoformazan However, there is 
distinct activity of this mitochondrial enzyme m the hepatocytes which react more 
strongly m the periportal zone than m the centnlobular area In most cells the 
reaction product shows a particular distribution The diformazan granules accu-
mulate at opposite areas of the hepatocytic cytoplasm An arbitrary distribution of 
groups of liver cells with higher activity alternating with those of lower activity can 
be noticed, too In general, the SDH activity m the graft appears to be lower than 
in controls 
Recipient's liver The SDH activity is low in cells associated with the proliferating 
connective tissue and m cells accumulating in the sinusoids, as indicated by the 
incomplete reduction of the tetrazolium salts Groups of hepatocytes isolated by 
fibrous tissue from their lobular connection react positively The distribution of 
enzyme activity throughout the liver lobules is more uniform than m controls 
although the lobular periphery reacts a little more intensely The SDH activity in 
the graft appears to be higher than m the recipient's liver, due to the higher activity 
of certain cell groups m the transplant 
Isocitrate dehydrogenase 
Graft The cytoplasmic distribution of iCDH activity is similar to that of SDH 
However, 'zonal' distribution is less distinct A comparison between normal livers 
and grafts arises some difficulties due to the somewhat pleomorphic structure of 
the liver lobules and the mtussuscepted connective tissue in the graft In contrast 
to LDH, the mesothehal cells covering the liver capsule are negative for iCDH 
Recipient's liver The cellular distribution of iCDH activity is as that for SDH The 
periportal areas are less active than the centnlobular regions 
Lactate dehydrogenase 
Graft The rim of interlobular connective tissue is faintly positive An occasionally 
sectioned bile duct stains distinctly The hepatocytic LDH activity shows a 'zonal' 
distribution wi th increasing intensity towards the centnlobular area Most cells 
accumulating m the dilated sinusoids react weakly positive The mesothehal cells 
covering the liver capsule exhibit a marked activity, m contrast to the lack of iCDH 
activity Generally, LDH activity in the graft appears to be distinctly higher than m 
controls 
Recipient's liver Although the distribution of enzyme activity is fairly uniform, a 
somewhat higher activity of the centnlobular can be distinguished The proliferating 
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connective tissue stains only weakly The LDH activity of the recipient's liver is 
lower than in the graft 
Aspartate aminotransferase 
Graft The proliferating connective tissue does not exhibit AAT activity The lobular 
periphery reacts mhomogeneously, some parts are strongly others weakly stained 
The activity declines sharply towards the central region The activity of the AAT 
appears somewhat lower than in the recipient's liver and is distinctly lower than 
in controls 
Recipient s liver The periportal areas react strongly positively, but show parts with 
somewhat higher or lower activity, resp The lobular periphery is sharply defined 
from the portal connective tissue, which reacts negatively The activity decreases 
remarkably towards the centnlobular zone However, irregularly bordered, broad 
bridges or segments, resp of hepatocytes with somewhat higher activity extend 
from the periphery to the central vein The average activity of the AAT appears to be 
lower than m controls 
Glucose-6-phosphatase 
Graft The hepatocytes in the lobular periphery show marked activity The activity 
decreases distinctly m the midzonal and centnlobular areas, m which the sinusoids 
are more widened The activity of G-6-Pase of individual hepatocytes is distinctly 
higher in the graft than m the recipient's liver, but lower than m controls 
Recipient's liver Several positively reacting hepatocytes are present within the 
faintly stained proliferating connective tissue G-6-Pase activity is high m the 
lobular periphery but decreases distinctly toward the centnlobular zone The ac-
tivity of the recipient's liver is lower than that of the graft 
Second period 
Mg2+-Adenosine Triphosphatase 
Graft Enzyme activity is high m interlobular and periportal areas showing a variable 
amount of proliferating connective tissue, some infiltrating cells and outgrowing 
bile ducts In the periportal areas bile canaliculi react strongly, they are short, 
exhibit arborization and are outlined by small knob-like projections of the reaction 
product In the midzonal region a pronounced, diffuse, sinusoidal activity can be 
noticed In the centnlobular region, the sinusoidal activity decreases, as does the 
activity of the bile canaliculi Non-hepatic cellular elements accumulating m the 
sinusoids react weakly 
Recipient's liver The adventitia of large vessels and proliferating bile ducts in this 
precirrhotic liver react intensely The bile canaliculi m the periphery of the irregularly 
formed lobules show precipitations of varying thickness and marked, knob-like 
projections The more centnlobular, the weaker the reaction of both bile canaliculi 
and sinusoids In general, the centnlobular activity is stronger than in the graft 
5-Nucleotidase 
Graft The periportal connective tissue reacts strongly positive There is also a 
regular, high activity of the sinusoids m the lobular periphery, which however 
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decreases towards the central region This is in contrast to normal control livers 
Distinctly dilated bile canaliculi show a reaction product comparable to inspissated 
bile 
Recipient's liver. A very high activity marks the interlobular connective tissue In 
the surrounding adventitia numerous bile ducts wi th empty lumina show strong 
enzyme activity Strongly positive reacting sinusoids are regularly distributed 
throughout the lobules, compared wi th the graft, enzyme activity appears to be 
considerably increased 
Alkaline phosphatase 
Graft In the periportal areas blood vessels and groups of infiltrating cells react 
positively Bile canaliculi have a fine, branched appearance, resembling penicilh. 
Their activity decreases m the direction of the central vein 
Recipient's liver Broad septa of proliferating connective tissue react strongly The 
bile canaliculi appear to be regular distributed throughout the whole lobule In 
the centnlobular area the reaction is intensified by small clusters of knob-like 
precipitates m the penbiliary zone, which may be possibly due to increased acid 
phosphatase activity In this region the activity is about twice as much of that of 
the graft 
Acid phosphatase 
Graft Some infiltrating cells wi th in the periportal tracts react positively There is 
a general increase in hepatocytic enzyme activity throughout the lobule as compared 
with control livers, where a peripheral activity is more common The increased 
activity is due to penbiliarly localized clusters of lysosomes, or caused by a con-
fluence of several coarse precipitates Fine granules representing lysosomes are 
also distributed within the cytoplasm The sinusoidal macrophages, (Kupffer cells) 
heavily loaded with the reaction product, can easily be detected 
Recipient's liver The portal tracts contain more positively reacting, infiltrating cells 
The number of positively reacting penbiliarly lysosomes is larger than in the graft 
They are regularly distributed throughout the whole lobule 
Fine, positive granules are dispersed throughout the hepatocytic cytoplasm Parti-
cularly m the centrolobular region sinusoidal macrophages exhibit marked lysoso-
mal content 
Succinate Dehydrogenase 
Graft The portal connective tissue is inactive In the peripheral parts positively 
reacting hepatocytes are arbitrarily distributed Liver cell trabeculae of the midzonal 
region exhibit the strongest lobular activity However, the activity is lower than in 
the normal control liver Towards the central region the activity decreases somewhat 
There is no marked ' lobulation' as m the controls The infiltrating cells within the 
widened sinusoids show no enzyme activity 
Recipient's liver Groups of remaining, isolated liver cells exhibit enzyme activity 
within the enlarged negatively reacting portal tracts Toward the central vein the 
activity decreases markedly The reaction product appears as unusually coarse 
granules m the edematous cytoplasm Although the 'zonal' distribution is as m 
controls, there are fewer active cells than m the graft 
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Isocitrate dehydrogenase 
Graft The cytoplasmic distribution of enzyme activity is as that of succinate dehy-
drogenase Although the activity appears more uniform the centnlobular zones ap-
pear to react somewhat more intensely than the peripheral parts However, the ac-
tivity is weaker than in controls, and the reaction product occurs mostly as the 
reddish monoformazan 
Recipient's liver The overall activity is quite regular, but lower than in the graft 
Furthermore, the reddish monoformazan reaction product predominates m the 
lobules 
Lactate dehydrogenase 
Graft The interlobular connective tissue is weakly active Liver cells, occasionally 
separated from their connection with the lobule are highly active There are prac-
tically no differences m the intensity of enzyme activity between the central and 
peripheral parts, and LDH activity appears to be increased in the periportal areas, 
since in normal livers the centnlobular zone is the most active 
Recipient's liver The periportal connective tissue and the pertinent cellular ele 
ments react only weakly positive Bile ducts are stained slightly, but their intralumi-
nal content is inactive There are numerous liver cells m the periportal area separated 
from the lobular connection by connective tissue, which all react positively The 
enzyme activity is uniformly intense throughout the whole lobule and shows no 
preference for a certain zone 
Aspartate aminotransferase 
Graft The liver cells reveal high enzyme activity, particularly in the peripheral and 
midzonal regions of the lobule However, m these paracentral areas some groups 
of hepatocytes are more active than others, thus causing a focal distribution 
Pencentrally, the enzyme activity declines sharply Cells infiltrating the sinusoidal 
lumen are inactive The activity of the graft is weaker than of controls 
Recipient's liver The overall appearance of enzyme activity is heterogeneous The 
infiltrating cells are negative The peripheral zones show a higher activity than the 
central ones However, enzyme activity is irregularly distributed, since groups of 
highly active cells alternate with those showing practically no activity 
Glucose-6-phosphatase 
Graft The supporting tissue of the portal tracts exhibits no enzyme activity In the 
lobule G-6-Pase shows a typic zonal distribution There is a gradual decrease from 
the highly active lobular periphery to the practically negative centnlobular zone 
Alternating groups showing either a stronger or a weaker reaction are arbitrarily 
distributed In active hepatocytes the reaction product is precipitated mostly as 
rough granules A typical, juxtanuclear localization can be noticed in numerous 
cells The intensity of G-6-Pase does not differ noticeably from that of controls 
Recipient's liver Whereas the enlarged portal tracts are negative, the isolated 
groups of liver cells scattered m this areas show high G-6-Pase activity In 
morphologically dissociated parts of the peripheral zones the activity is lower, and 
absent m the pericentral zone This presents an inverse picture to the reaction 
pattern of the 5-nucleotidase Compared with the graft, the G-6-Pase activity in 
the recipient's liver is remarkably lower 
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Addendum 
Naphtha/AS-D esterase. In recent studies this enzyme reaction is carried out addi-
tionally. 
In controls it shows a zonal distribution wi th the highest activity in the centri-
lobular region and a small region surrounding the intercalated veins. This reaction 
pattern, which is inverse to aspartate aminotransferase distribution is maintained 
in the graft. The activity of this last enzyme in mitochondrial and RER compartments 
is usually high, particularly in the periportal areas. 
Third period 
The parenchyma of the recipient's liver atrophies rapidly during the early third 
period. The number of viable hepatocytes decreases, being replaced by 'e vacuo' 
proliferating unspecific granulation tissue. Since the whole organ shrinks remark-
ably, it is impossible to obtain bioptic material for enzyme histochemical investiga-
tions in every case. Results of some investigations carried out from time to time on 
detectable remnants of the recipient's liver are summarized at the end of each of 
the fol lowing chapters. 
Graft 
Mg2 + -Adenosine Triphosphatase. The connective tissue of the portal areas and 
particularly the adventitia of the bile ducts react strongly. The bile canaliculi of the 
lobular periphery show a large amount of granular precipitate which gradually 
decreases towards the centrilobular area. The sinusoidal activity of the midzonal 
and centrilobular regions is h igh; however, the reaction product is diffusely precipi-
tated. The ATPase activity of the graft is higher than m controls also during this 
third period. 
5-Nucleotidase. The intensity and distribution of the reaction product in the portal 
connective tissue is similar to that of ATPase. All sinusoids react strongly, and the 
bile canaliculi are sharply accentuated. 
Alkaline phosphatase. The adventitia of the cholangioles wi th in the fibrotic strands 
at the periphery of some lobules react strongly. The sinusoids in the lobular periphe-
ry show a diffuse distribution of the reaction product. The bile canaliculi of the 
midzonal part are also less distinctly outl ined; the reaction product is more diffusely 
distributed, but appears to increase towards the central vein. In general, the alk. 
Pase activity appears to be lower than in the recipient's liver. 
Acid phosphatase. The supporting portal connective tissue contains a few active 
cells. In contrast to controls, in which the lobular periphery is the prefered zone of 
enzyme activity, in the graft the midzonal region exhibits the highest activity. The 
reaction product is mainly localized peribiliarly, particularly in the centrilobular 
region; in other zones it may also be scattered throughout the whole cytoplasm. 
The enzyme activity is distinctly higher than in controls. 
Succinate dehydrogenase. An arbitrary distribution of groups of liver cells with 
higher activity alternating with those of lower activity gives rise to the impression 
that the lobular periphery is divided into functional 'sublobules'. The activity de-
creases towards the centrilobular area. The activity of this enzyme appears to be 
higher during this third period than during the first period. However, in contrast to 
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normal livers, it shows an irregular distribution and a prefered juxtanuclear locali-
zation 
Isocitrate dehydrogenase The activity is more uniformly distributed throughout the 
liver lobules and shows less distinct 'zonal' preferences However, the centnlobular 
region is somewhat more active than the periphery From the comparison wi th 
normal livers can be deduced that the 'zonal' equilibration of enzyme activity is due 
to a decrease m the centnlobular region, rather than to an increase m the lobular 
periphery 
Lactate dehydrogenase The supporting portal connective tissue and the cholan-
gioles react weakly Liver cells, occasionally separated from their connection with 
the lobules by strands of fibrotic tissue, react strongly Throughout all lobules, 
whether they are regularly shaped or not, the enzyme activity is regularly distributed 
and shows a 'zonal' preference as in controls In general, LDH activity is higher 
than m controls 
Aspartate aminotransferase The lobules with atypical morphologic appearance 
show high enzyme activity m the periportal areas Since the enzyme decreases 
remarkably towards the pericentral region, the total AAT activity is lower than m 
controls 
Glucose-6-phosphatase The periportal regions exhibit the highest enzyme activity 
Towards the central region the amount of precipitate gradually decreases, but not 
as distinctly as m controls Therefore, overall G-6-Pase activity is approximately as 
m the normal liver 
Recipient's liver. Acid phosphatase activity is found to be higher, particularly in the 
centnlobular region, than m the graft and/or in normal livers This is mostly caused 
by an increased number of penbiliarly lysosomes The LDH activity is quite 
irregularly distributed Some remaining, morphologically irregular appearing 
lobules show high centnlobular, others increased periportal activity 
Fourth period 
Graft 
Mg2 + -Adenosine Triphosphatase The adventitia of blood vessels and bile ducts of 
the portal triad are highly active The same holds true for most infiltrating cells 
accumulating in these areas A distinct, sinusoidal activity is demonstrable m the 
peripheral and midzonal regions At the periphery the bile canalicuh are branched, 
resembling pemcilli, and stam intensely Towards the centnlobular region the 
activity decreases in both the sinusoids and the bile canalicuh In general ATPase 
activity is higher m the graft than m controls and higher than m an occasionally 
detectable remnant of the recipient's liver 
5-Nucleotidase. The periportal areolar tissue and the bile canaliculi react strongly 
Dense precipitates of the reaction product also cover the bile canalicuh in the 
lobular periphery The midzonal and centnlobular areas react as intensely as the 
periportal regions Therefore, 5-Nase activity appears to be higher than in controls 
Alkaline phosphatase The adventitia of blood vessels and the bile ducts as well 
as infiltrating cellular elements within the supporting tissue of the portal triad react 
distinctly positive The activity of this membrane bound enzyme is higher in the 
lobular periphery than m the centnlobular zone The bile canalicuh are outlined by 
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the reaction product; however, they appear to be shorter than in ATPase prepara-
tions, e.g.. In general, the activity of alk. Pase is higher than that of normal livers. 
Acid phosphatase. Some of the infiltrating cells within the portal connective tissue 
react positively. The activity of the hepatocytes is caused mainly by an accumulation 
of lysosomes adjacent to bile canaliculi; but there are also finely granulated preci-
pitates scattered throughout the cytoplasm. The lobular periphery is the most 
active zone. The activity of this hydrolytic enzyme is distinctly more intense in the 
graft than in controls. 
Succinate dehydrogenase. The activity of this enzyme is restricted to the hepatocy-
tic cytoplasm. The granular reaction product is frequently localized in a juxtanuclear 
position and/or a 'corner' at the periphery of the hexagonal hepatocytes. Liver 
cells with somewhat higher or lower activity are arbitrarily distributed. The intensity 
of the enzyme reaction decreases gradually from the lobular periphery towards the 
central vein. Control livers show higher SDH activity than do the liver grafts. 
Isocitrate dehydrogenase. The lobular distribution of this enzyme is inverse to that 
of SDH. The activity of iCDH is low in the periphery, particularly adjacent to areas 
of proliferating connective tissue, and increases towards the central veins. The 
parenchymal cells only are stained, but apparently more weakly than in controls. 
Lactate dehydrogenase. The periportal connective tissue, proliferating bile ducts 
and infiltrating cells react faintly positive. Although there is a more or less homo-
geneous reaction pattern throughout the hepatic lobule, a small rim of hepatocytes 
surrounding the central and intercalated veins show higher LDH activity. On the 
other hand, intrasinusoidal cells are only weakly stained Compared wi th controls, 
the LDH activity is higher in the graft. 
Aspartate aminotransferase. The periportal portions of the liver lobule show a 
regularly distributed, high enzyme activity. The reaction product is precipitated as 
dark-brown, coarse granules and as fine granules regularly distributed throughout 
the hepatocytic cytoplasm. The activity of this enzyme is restricted to the paren-
chymal cells which react more intensely in the lobular periphery than m the centri-
lobular zone. The total activity in the graft is apparently only somewhat lower than 
in controls. 
Glucose-6-phosphatase. The portal areolar tissue, its structure and infiltrated cells 
show no enzyme activity. In the parenchyma the activity decreases from the lobular 
periphery towards the centrilobular region. However, enzyme activity is somewhat 
irregularly distributed, since groups of highly active cells alternate wi th those 
showing low enzyme activity. In the most active cells the reaction product appears 
as dark-brown granules scattered in a diffusely stained cytoplasm. The graft reacts 
in general as intensely as the control liver. 
Recipient's liver. In occasionally detected remnants of the recipient's liver the 
distribution of the ATPase and the 5-Nase resembles that of the graft However, the 
ATPase activity is lower, and that of 5-Nase higher than in transplanted livers. 
Alk. and ac. Pases activities are higher in the remaining liver lobules of the atrophy-
ing recipient's liver, although these enzymes are as regularly distributed as in the 
graft. SDH and iCDH show the same distribution, but a distinctly lower activity 
than in the graft. The LDH activity is regularly distributed throughout both the 
remaining hepatic parenchyma and the progressively proliferated connective tissue 
with its associated structures and cells. AAT and G-6-Pase are only demonstrable 
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in the outermost peripheral portions of the lobules, moreover, these enzymes are 
irregularly distributed m this region All other portions of the lobule are completely 
negative for AAT and G-6-Pase 
The dissociation of liver cell trabeculae due to atrophy of some hepatocytes, and 
the demarcation of groups of liver cells by infiltrating strands of connective tissue 
can easily be noted m some less drastically altered recipient livers, while only 
hepatocytic enzymes can be demonstrated 
Fifth period 
Graft 
Mg2 +-adenosine Triphosphatase In the periportal connective tissue the adventitia 
of blood vessels and proliferated bile ducts show moderately intense activity 
Infiltrated cellular elements react weakly Focally the bile canaliculi of the lobular 
periphery react very distinctly and have a fine branched appearance, resembling 
pemcilli, In the midzonal region the bile canaliculi react strongly, and there is some 
sinusoidal activity The activity is lower m the centnlobular region, and the bile 
canaliculi are outlined by knob-like precipitates The general appearance suggests 
higher activity in the graft than m control livers 
5-Nucleotidase The adventitia of vessels and ductules of the portal triad show 
moderate to strong activity The sinusoidal activity is low and irregular m the 
lobular periphery, sinusoidal and canalicular activities are strong and regular m the 
midzonal region and most active m the centnlobular area The more central the bile 
canaliculi the more intense and regularly distributed is the activity In general, the 
enzyme activity of the graft is as that of controls 
Alkaline phosphatase The adventitia of blood vessels and outgrown bile ducts 
stain positively The infiltrated polymorphonuclear granulocytes react strongly The 
bile canaliculi of peripheral hepatocytes, although distinctly outlined by the reac-
t ion product, react somewhat less intensely than for ATPase Furthermore they do 
not show the penicilli-hke branched appearance, and the cytoplasmic background 
is somewhat diffusely stained Alkaline Pase activity decreases towards the centn-
lobular region In general, the activity during this fifth period is lower than during 
the early post-transplantation period, but higher than m controls 
Acid phosphatase With the exception of numerous infiltrating cells, the connective 
tissue bed of the portal canal is negative Penbiliarly staining is intense in hepato-
cytes of the lobular periphery, but distinctly lower in those of the central regions 
Most intrasmusoidal cells react strongly As during the early post-transplantation 
periods, the activity of ac Pase is higher than in controls during this fifth period 
Succinate dehydrogenase The periportal areas show a diffuse, but irregularly 
distributed reaction Some groups of hepatocytes occasionally separated by nega-
tive fibrous tissue from their connection wi th the lobule, are highly active The 
distribution of the mitochondrial population is indicated by a finally granulated 
reaction product, which frequently accumulates juxtanuclearly or in the periphery 
of the cell The lobular periphery reacts more strongly than the centnlobular region 
In general, the SDH activity of the graft is distinct lower than that of controls 
Isocitrate dehydrogenase A weak reaction characterizes the portal areolar tissue 
and the bile ducts Some of the infiltrated cells react very strongly, others only 
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faintly Throughout the whole lobule iCDH activity is somewhat irregularly distri-
buted, particularly at the periphery Hepatocytes immediately adjacent to central 
and intercalated veins are the most active ones The enzyme activity is somewhat 
higher than m normal livers 
Lactate dehydrogenase Both the proliferated bile ducts and the connective tissue 
bed of the portal canal react only weakly Those infiltrating cells which show iCDH 
are also slightly positive for LDH Although in most cases the activity of the 
centnlobular region is higher than m the other zones the LDH activity appears to 
be somewhat more uniformly distributed throughout the lobule The graft reacts 
more intense for LDH than controls 
Aspartate aminotransferase A positive reaction is only demonstrable m the peri-
portal areas The activity is restricted to the hepatocytes and is manifested by finely 
granulated precipitates distributed throughout a weakly and diffusily reacting cyto-
plasm Both the portal connective tissue and the centnlobular areas lack AAT acti-
vity There are almost no differences in enzyme activity between grafts and control 
livers 
Glucose-6-phosphatase The supporting portal connective tissue shows no acti-
vity In the lobular periphery the activity is high but irregularly distributed since 
groups of strongly reacting liver cells alternate with those showing less precipitate 
In most cells the precipitated granules are coarse and occur within a diffusily 
reacting cytoplasm The centnlobular region is less active than the lobular periphery. 
The activity of the graft is about that of the control liver 
Recipient's liver In the occasionally detectable remnants of the recipient's liver 
ATPase activity is demonstrable by knobby precipitates m the widened, branched 
bile canaliculi of the periportal areas Remnants of central regions lack ATPase 
activity An increased penbiliary lysosomal activity is demonstrated by clusters of 
dense, coarse precipitates after staining for ac Pase SDH activity is almost absent 
m the remaining hepatocytes Whereas an iCDH activity is still detectable m some 
remnants of liver lobules, G-6-Pase activity has almost disappeared 
3 1 5 ULTRASTRUCTURAL CYTOCHEMISTRY OFTHE GRAFT 
Unspecific Mg2 + -Adenosine Triphosphatase 
Controls In normal livers a dense precipitate occurs nearly exclusively at the bile 
canaliculi The intercellular cleft shows only sparee distribution of the reaction 
product, particularly in the midzonal and centnlobular area Most other cell compo-
nents lack precipitate there is only a very fine deposit in some parts of the RER, 
whorled membranes and some dense bodies Occasionally a lysosome is deeply 
stained and some dotted spots are found m multivesicular bodies Whether this 
indicates activity of acid phosphatase or is an unspecific reaction caused by mem-
brane alteration is a moot point The hepatocytic microvilli of the space of Disse, 
and particularly those of the pensmusoidal recesses, contain dense lead deposits 
Whereas the sinusoidal side of the endothelial cells shows a continuous dense 
precipitate even at membrane invaginations, the reaction product is less dense and 
discontinuous at the endothelial surface bordering the space of Disse 
Second post-transplantation period Whereas no typical changes were observed 
during the Ist period, the bile canaliculi show irregularly distributed precipitates of 
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different extent 3 to 5 weeks after transplantation As judged from serial sections, 
the reaction product does not cover the whole microvillus, but is deposited as 
triangular crusts Particularly the dilated RER cisternae m the hepatocytic cytoplasm 
exhibit a regular finely granulated precipitate At the sinusoidal hepatocytic surface 
the reaction product is dense and coarse, and very irregularly distributed Prolifer­
ating cholangioles, their epithelial surface, as well as accompanying collagenous 
fibres and the cytoplasmic membrane of fibroblasts and polymorphonuclear granu­
locytes show a delicate deposit of precipitate 
Fifth post-transplantation period in the graft The distributional pattern of the 
reaction is similar to that in controls The bile canaliculi exhibit a regular and con­
tinuous activity at the hepatocytic microvilli and cytoplasmic protrusions The 
endoplasmatic reticulum adjacent to bile canaliculi contains a fine, granular 
precipitate and the lysosomal elements, as well as some myelme figures, react as in 
controls Along the sinusoidal hepatocytic microvilli the precipitate is continuous, 
but apparently more delicate than m the normal liver 
Alkaline phosphatase 
Controls In the normal liver the internal surfaces of the bile canaliculi show a 
sharply outlined localization of the reaction product The intercellular clefts are 
practically free of the CMP splitting enzyme The sinusoidal side of the hepatocyte 
is covered with a moderate, regularly dotted precipitation No enzyme activity is 
noticed in cytoplasmic organelles, with the exception of some, probably endocytic 
vesicles 
The lining endothelium lacks activity at its surface, while dense inclusions in its 
cytoplasm show precipitation, probably due to acid phosphatase activity 
Alkaline phosphatase activity after transplantation Remarkable changes were found 
particularly during the second period A very dense, but irregularly wide line is 
precipitated at the bile canaliculi Precipitates probably caused by unspecific reac­
tions, are also present m the vicinity of the canaliculi At the sinusoidal side of the 
hepatocytes the reaction product is condensed more irregularly and more densely 
than m controls and has a speckled appearance The reaction pattern of the alkaline 
phosphatase appears to stabilize m the later post-transplantation stages 
Acid phosphatase 
The enzyme reaction for acid phosphatase activity at the electron microscopic 
level is carried out to clarify the nature of several electron dense structures which 
occur particularly during the second post-transplantation period m the grafts 
Controls A dense reaction product is localized almost exclusively in the lysosomes 
near the bile canaliculi Some inclusions m Kupffer cells are also strongly positive 
Acid phosphatase activity after transplantation Lysosomes show normal activity, 
but additionally there is a distinct membrane bound distribution scattered through­
out the hepatocytic cytoplasm The somewhat dilated RER shows a few, assumedly 
unspecific, precipitation granules Some myelin figures react positively too 
Mitochondria and microbodies, however, are free from precipitate The electron 
dense, round or oval bodies, measuring 0 3 to 0 7 μπη, lack enzyme activity Hence, 
they appear not to belong to the lysosomal population, and a further cytochemical 
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reaction is carried out to determine whether these structures are related to another 
kind of organelle of the same size, i.e. the peroxisomes. 
Peroxidase reaction 
This method allows the detection of microbodies by making use of the peroxidatic 
activity of catalase (Graham and Karnovsky 1966, Novikoff and Goldfischer 1969). 
Controls. In normal livers numerous microbodies react positively for peroxidase. 
The intensity of staining is increased after contrasting with lead citrate. These 
peroxisomes are limited by a single membrane, and mostly show in their centre an 
electron light, crystalline area without precipitation, the cristalline nucleoid showing 
uncase activity but no peroxidatic activity. The peroxisomes appear to be of different 
size, probably an artefact of sectioning. Most peroxisomes are arbitrarily distributed 
throughout the cytoplasm; but there are also areas m which they are somewhat 
more densely and regularly arranged. After inhibition of catalase wi th 0.02 M 
3-ammo-1, 2, 4-triazole microbodies are negative. Very close contact between 
peroxisomes and the endoplasmatic reticulum can also be noticed. 
Other cell organelles can also react positively, although mostly unspecifically. So 
do parts of the mitochondrial membranes and cristae, due to cytochrome с of the 
inner and cytochrome b of the outer membrane (Novikoff and Goldfischer 1969). 
Parietally localized whorled membranes and the electron opaque matrix of dege­
nerating mitochondria, as well as lipoprotein granules in the Golgi stacks and 
occasionally observed lipid droplets stain more or less intensely. A dense reaction 
product is regularly seen in some granules within the penbiliary lysosomes. This 
may be caused by non-enzymatic mechanism, e.g. by catalytic properties of some 
hemo-compounds present in these lysosomes, since erythrocytes show a positive 
reaction too, due to a peroxidatic activity of hemoglobin, possibly as a result of 
non-enzymatic catalysis of some compounds or metals, resp. (Hirai, 1969). 
Second post-transplantation period. During this period the cell organelles react 
according to the same pattern as m the normal liver. In semi-thin sections lightly 
counterstained with toluidine blue, the dark-brown opaque microbodies and the 
extracellular deep-brown erythrocytes are most prominent. The peroxisomes are 
somewhat enlarged and measure about 0.7-0.9 μπι They also tend to accumulate 
in certain areas, particularly around the bile canaliculi. In contradistinction to 
controls, lipoprotein granules in dilated Golgi stalks are more numerous and react 
more intensely. 
During this period, and during the other post-transplantation periods, the amor­
phous substance present m the space of Disse or what remains of it, shows no per­
oxidatic activity This indicates that this material is not hemoglobin or a related 
compound 
Fifth post-transplantation period. The hepatocytes have abundant peroxisomes; 
they accumulate particularly adjacent to glycogen areas in the surroundings of bile 
canaliculi. Numerous microbodies exhibit a marked nucleoid, even in cases of 
overstaining with oxidized DAB. Some positive granules can be detected in the 
discontinuous lining endothelium within the variety of fixed and wandering cells 
in the sinusoidal lumen. Some macrophages or Kupffer cells, resp. exhibit several 
highly positive lysosomal elements and many slightly stained vermiform tubular 
invaginations ('micropinocytosis vermiformis' (Matter et al. 1969)). No other 
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extracellular structures in the sinusoids gave a positive reaction with the ex­
ception of erythrocytes 
Glucose 6-Phosphatase 
This enzyme participates m the conversion of glycogen to glycose by dephosphory-
lation Using biochemical methods, G-6-Pase activity can be demonstrated m the 
microsomal fraction of homogenates (De Duve et al 1955) Histochemically, its 
activity is distinctly restricted to the liver parenchymal cell, and ultracytochemical 
methods reveal a typical localization m characteristic cell organelles However, 
since high G-6-Pase activity is usually found at the periphery of the classical 
hexagonal lobule, and is lower m the centnlobular region only topographically 
equivalent areas should be compared for ultracytochemical studies The present 
study is particularly concerned with the peripheral zone {Tice andBarrnett 1962). 
Controls The reaction product is narrowly localized within the somewhat dilated 
cisternae of the RER The vesicles of the SER between the glycogen particles, 
however, show irregularly distributed enzyme activity Mitochondria and micro-
bodies are negative m every case G 6-Pase activity can also be demonstrated at 
the nuclear membrane, and after prolonged incubation a continuity between the 
nuclear envelope and the RER cisternae can be demonstrated In some preparations 
bile canaliculi may show coarse precipitates, probably due to unspecific reactions, 
since the canaliculi react positively even after prolonged fixation and shortened 
rinsing periods, whereas G-6-Pase m all other organelles is absent after this pro­
cedure 
G-6-Pase activity after transplantation Post-operatively, G-6-Pase activity shows 
no remarkable changes During the period of rapid hypertrophy precipitates within 
the RER and SER appear as dense, fine granules There are whorled membranes 
exhibiting finely granular precipitates probably caused by unspecific reactions 
due to acid phosphatase activity The extent of unspecific precipitation at the bile 
canaliculi is as m controls During the f ifth, stationary period, G 6 Pase activity 
is indicated by increasing number of fine precipitation granules within the RER and 
SER cisternae Whereas the extend of unspecific reaction at bile canaliculi is as m 
the preceding periods, there are more positively reacting whorled membranes 
3 1 6 CLINICALCHEMISTRY 
Liver function test using intravenous galactose tolerance test 
In the diagnosis of hepatobiliary diseases the sulfobromophthalem (BSP) clearance 
from the serum is widely used This test was not applicable m rats carrying auxiliary 
liver grafts since the serum was mostly hemolytic after administration of BSP 
Therefore, the elimination of galactose after Tengstrom (1966) was used for the 
evaluation of the function of the graft The Т г 's that time required for galactose 
concentrations in the plasma to be halved 
In normal rats the Т г varies between 19 and 25 mm Two and three days after 
transplantation the TVz was 50 mm and 60 mm, resp 
A further increase of the elimination time was observed on the 7th post-transplan­
tation day (74 mm), and after 14 days (77 mm) A Т г of 95 mm was measured 
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on day 48. Six and ten months after transplantation the "Г/г was 53 min and 59 
min, resp. 
Serum enzymes and serum compounds during the first and second post-transplant­
ation period. 
The activity of a variety of serum enzymes and concentrations of serum compounds 
are routinely determined during the first and early second post-transplantation 
phase. Since only few values are available from the end of the second and early 
third period, the minimum and maximum deviation are not inserted. 
Alkaline phosphatase activity is higher than normal t w o days after transplantation, 
and decreases until day 7. The activity increases again during the early second 
period and is somewhat hypernormal on day 50 p. tr.. 
The concentration of total cholesterol increases after transplantation and remains 
mostly higher than normal. However, there are large deviations between individual 
rats. 
The level of ^-lipoproteins is enormously increased during the first five days and 
decreases thereafter. From the 7th day p. tr. the concentration is only somewhat 
higher than the normal mean value. 
The activity of G.O.T., high on the second day, decreases slowly during the early 
second period, but remains distinctly higher than normal. 
An enzyme frequently determined for the diagnosis of hepatocellular alterations is 
the G.P.T.. The activity of this enzyme is found to be distinctly increased one day 
after transplantation, but subsequently decreases and reaches the normal level on 
day 7 p. tr.. A further increase has not been observed. 
The DE RITIS quotient (G.O.T./G.P.T.), which is normal during the first t w o post­
transplantation days, increases between day 5 and 7 and remains high during the 
whole second period. 
Leucine aminopeptidase (L.A.P.) decreases from high post-transplantation levels 
to normal values on day 5, and increases again slowly during the second post­
transplantation period. Fifty days after transplantation the activity is higher than 
normal. 
The activity of serum acid phosphatase is in general somewhat lower than in 
controls throughout the first and second post-transplantation period. 
Subnormal levels are observed in the activity of total serum L.D.H, wi th a minimum 
on day 5. On this day the a-HBDH : LDH quotient is as high as after an acute 
heart attack. The values for this quotient normalize during the second post­
transplantation period. 
Under basal metabolic conditions serum lactate concentration is low. The level of 
this metabolite increases steadily during the first and early second post-transplan­
tation period, reaching a maximum on day 14. Thereafter, lactate concentration 
decreases somewhat, but remains hypernormal. 
Determination of the Lactate Dehydrogenase isoenzymes 
The separability of lactate dehydrogenase (LDH) into fractions (isoenzymes) is 
diagnostically important. LDH activity can be found in 5 zones (Wieme 1959). 
Apparently changes in the ratio of LDH isoenzymes reflect the distribution in 
affected tissues. According to the 'European' system of numbering the 'fast' 
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isoenzymes LDH-1 and LDH-2 belong to the'heart ' t issue type The'intermediate' 
LDH-3 is derived from the lungs and other organs, while the slow fractions LDH-4 
and LDH-5 are of the 'liver' tissue type 
Whereas in normal human sera the distribution in order of decreasing activity is 
LDH-2, LDH 1 LDH-3 LDH-4 and LDH-5 in the normal rat serum the isoenzyme 
LDH-3 is almost absent, LDH-1 is moderately active (+ +) LDH-2 only very weakly 
( + / - ) , LDH-4 weakly ( + ), but LDH-5 is strongly (+ + + +) active 
Five days after transplantation LDH 1 has decreased ( + / - ) , and LDH-2 and 
LDH-3 cannot be demonstrated LDH-4 and LDH-5 show no changes Eleven 
days after transplantation the same picture is noted, except for LDH-4, which is 
moderately increased (+ +) During the fifth post-transplantation period (330 
days), the LDH isoenzyme distribution is as m normal rats, though LDH-4 may be 
somewhat more active 
Quantitative determination of serum proteins 
The normal range of serum albumin is between 3 and 4 g/L, that of total globulins 
between 2 and 3 g /L The concentration of both fractions decreases during the 
first five days after transplantation, that of total globulins somewhat more distinctly 
than that of the albumin fraction Whereas albumin continues to decrease abruptly 
between the 5th and 7th day, the globulin fraction shows a sudden elevation 
during the same period During the second post-transplantation period both frac-
tions are balanced out and show the normal percentages after 50 days However 
the total protein content is somewhat lower than in controls 
Serum protein electrophoresis 
Cellulose acetate electrophoresis In normal serum the major electrophoretic serum 
protein fractions are clearly distinguishable albumin, alpha-1, alpha-2, beta 
globulin and very weakly, gamma globulin 
At the end of the first post-transplantation period the albumin component is smaller 
and less intensely stained The alpha-1 globulin fraction is intensified, alpha-2 
globulin, beta globulin and gamma globulin are normal A diffuse staining area 
between alpha-2 and beta globulin is noted 
During the late post-transplantation periods (3 months and 16 months after 
transplantation) the albumin component is normal However, the alpha-1 globulin 
fraction is broad and stains intensely Furthermore, the alpha-1 globulins succeed 
the albumin component closely The alpha-2 globulin is a diffuse band Surprisingly 
the beta globulin is divided into two components The gamma-globulin is of the 
broad type and more intensely stained than in the normal serum 
Disc electrophoresis Disc electrophoresis results m a quite different separation of 
the various serum components and allows separation of the serum proteins into 
more subgroups (Beaton et al 7961), than can be obtained with cellulose acetate 
electrophoresis Hence, this method is more advantageous to distinguish between 
incompletely separating fractions However, the interpretation of the individual 
fractions is difficult, particularly in sera from animals 
Using normal serum, 11 fractions can be distinguished The most obvious inter-
pretation of these fractions appears to be as follows The most intensive disc is 
formed by the albumin fraction (Rf 40), preceeded by the pre-albumm (Rf 44) 
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Rf 37 and 33 probably are two post albumin fractions Rf 26 is the fast alpha-1 
globulin, and Rf 22 the fast alpha-2 globulin Transfer in 1 and 2 are at Rf 19 and 
17, resp , Rf 12 and 8 are 2 post transferm fractions The slow alpha-1 and alpha 2 
globulins and some other slow globulins are localized at Rf 4 
Nine and 15 months after transplantation the most obvious changes are the distinct 
increase m the fast alpha-1 and alpha 2 fractions (Rf 26-22) and a slight increase 
m both transferm fractions 
3 1 7 DISCUSSION 
As pointed out earlier (Hess et al 1971 Jap et al 1971) rat auxiliary liver homo-
grafts can sustain life over prolonged periods However, the functional situation 
of the experimental auxiliary liver graft differs from that of orthotopic grafts To 
avoid atrophy of the graft due to functional competition it is necessary to resect 
about 50% of the recipient's own liver to lígate its common bile duct and to use 
only approx 30% of the donor liver as a graft Hereby the transplant is subjected 
to a stress similar to that obtaining after subtotal hepatectomy the change m the 
intensity of the appropriate physiologic stimulus exerted on individual hepatocytes 
results in a rapid compensatory hypertrophy Whereas m many experiments the 
maximum of mitoses is already observed 36 to 48 hours after subtotal hepatectomy 
(Zaki 1954, Jerusalem und Zaki 1958), auxiliary rat liver grafts appear to require 
an adaptation period of about 5 to 7 days During this first post-transplantation 
period is supported not exclusively by the graft, since after simultaneously per 
formed total host hepatectomy all rats succumb (Hess pers comm ) The delayed 
onset of rapid hypertrophy may be caused by both a residual function of the 
recipient's liver and a somewhat limited blood f low through the graft since it is 
supported by portal venous inflow only The onset of a biliary cirrhosis in the 
recipient's liver may change the functional competition definitely in favor of the 
graft, which subsequently hypertrophies compensatonly during the second post-
transplantation period During this phase the volume of the graft and of the remain-
ing host liver total about that of the original recipient s liver before transplantation 
The further decrease in functioning parenchyma in the host liver has to be compen-
sated for by a further increase m volume of the graft (complementary hypertrophy 
during the third post-transplantation period) Graft hypertrophy is accomplished 
by hyperplasia of hepatocytes due to mitotic divisions 
This course of events might be reflected m the ultrastructure and enzyme histoche-
mistry of the graft 
The discussion is concentrated on seven mam topics 1 The absence of liver graft 
rejection m the Wistar rat to Wistar rat model 2 Changes in the lobular architecture 
3 Changes m the architecture of sinusoids and the occurrence of non-hepatic 
cellular elements 4 Changes in the ultrastructure and cytochemistry of the indi-
vidual hepatocytes 5 Changes in the pattern of distribution and the intensity of 
activity of various enzymes 6 Patho-physiological considerations, and 7 Some 
remarks on the fate of the recipient's liver 
Ad 1 The absence of liver graft rejection in the Wistar rat to Wistar rat model is 
remarkable, but not easily explained, since skin homografts are rejected m every 
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case although somewhat later than skin allografts or skin heterografts, resp The 
rats used for these experiments are from a 'closed colony' and it may be that with 
decreasing genetic differences, the degree of histo-incompatibihty between donors 
and recipients, and/or the degree of the antigenic strength of different organ 
antigen profites, does not decrease at the same rate 
A similar phenomenon has been observed by Calne et al (1969) wi th Large White 
and Landrace pigs His animals survived for prolonged periods with orthotopic 
liver allotransplants without immuno-suppression Similar pigs could reject skin, 
kidney and possibly heart Injected soluble liver antigen and first-set liver allografts 
could also protect donor specific tissue from rejection In these experiments, the 
immuno-suppressive effect of pig liver allografts appeared to depend upon both 
the antigen dose and the duration of the contact with the antigen To produce this 
phenomenon it was sufficient to transplant the liver from a 10 kg pig into a 40 kg 
animal for 24 hours or longer The protective effect persisted after the subsequent 
removal of the liver allograft Calne assumed that of the known mechanisms of 
specific immuno-suppression, enhancement alone is an unlike explanation, for the 
effect was apparent on skin, kidney and heart grafts before specific enhancing 
antibodies would be expected to have been produced He rather believed that the 
liver releases histocompatiblity antigens m a toleragenic form, and that these 
antigens can induce partial immunological tolerance in immunologically mature 
animals 
It may be that these mechanisms are only effective in cases of minor genetic dispa-
rities, since, due to the breeding policy m his herd, also many of Calne's indifferent 
kidney skin and heart donors were related to either the recipient the liver donor or 
both In untreated animals liver graft rejection is unavoidable m cases of apparently 
wider genetic disparities as shown m our PVG/C to Wistar rat model 
Although Calne et al (1969) assumed that enhancement is an unlike explanation, 
in our Wistar rat to Wistar rat model enhancement cannot be ruled out completely 
Already at the end of the first post-transplantation period a dense, fluffy substance 
occurs m the space of Disse between the hepatocytic microvilli This substance 
increases in amount during the subsequent periods and reaches a maximum about 
6 -12 weeks after transplantation From the ultrastructural appearance it can be 
assumed that this substance is not fibrin, and from cytochemical peroxidase reac-
tion that it does not contain hemoglobin or related compounds, resp However, 
immunofluorescence studies revealed this substance to contain immunoglobulin 
(Jerusalem et al 1971 ) 
Therefore, it might be that this electron dense, fluffy material acts as an enhancing 
antibody which combines with the isoantigen determinants of the surface of the 
target cell, thus either impairing the contact between surface antigens and those 
cells responsible for transmitting immune information, or possibly wall ing off 
soluble antigens originating from the target cells (Snell et al 1960) The combina-
tion of an enhancing antibody which, of course, is non-cytotoxic with a surface 
antigen also could shield the target cell against destruction by the host's immune 
lymphoid cells (Moller and Moller 1965) The presence of electron light, mononu-
clear cells with abundant cytoplasm could indicate that at least during the first 
three post-transplantation periods the graft is not completely accepted These cells 
m close contact with the electron dense, fluffy substance do not differ essentially m 
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their morphologic features from cells which are obviously responsible for the rejec-
tion of the PVG/C to Wistar allograft (see chapter 3 2 2 ) However, it is impossible 
to distinguish lymphocytes of the afferent and efferent branch of the immune 
response in these electronmicroscopical preparations The decrease and partial 
loss of this substance during the fourth post-transplantation period (after 13 
weeks) could indicate the establishment of a central mechanism of immunologic 
enhancement Mitchison and Dube (1955), Hellstrom and Moller (1965) and 
Wright (1968) showed that lymphoid cells from animals bearing enhanced tumor 
grafts were selectively unresponsive to the tumor transplantation antigens, but fully 
competent against antigenic profiles of unrelated third strains Obviously, m these 
cases the enhancing antibody alone was not sufficient to inhibit the immune respon-
se, and the antigen antibody combination appeared to be necessary to induce the 
selective immunotolerance 
The electron dense material interposed between the hepatocytic microvilli does not 
resemble substances in these situations described by other authors Groth et al 
(1968) reported typical fibrin accumulations m the venous subendothelial spaces 
of untreated canine allografts about 48 hours after transplantation, and at about 
8 days IgG, complement, and fibrinogen may appear in the wall of some of the 
hepatic arteries, portal and central veins m both canine and human allografts 
(Porter 1969) The widened spaces of Disse of the canine auxiliary liver allografts 
of Klion and Schaffner (1967) also contained amorphous or fibrillar material resem 
bling fibrin m addition to the normal amount of collagen fibrils 
Ad 2 In most grafts, a certain disarray of lobular architecture and pleomorphism of 
the hepatic lobules is noted These changes are more obvious in histochemical 
than in histological preparations Some of these changes may be caused by surgical 
intervention The reader is reminded that biopsies were frequently taken from the 
free border of the grafts The repair of these defects and the subsequent develop-
ment of scare tissue may be responsible for deviations m the lobular architecture 
However, the occurrence of a moderate metallaxis of the liver architecture may also 
indicate changes in hepatic hemodynamics The familiar array of the lobular archi-
tecture develops slowly after birth, due to obliteration of the duct of Arantius and 
the beginning of pulmonary respiration, resulting m the negative pressure in veins 
near the heart, facilitating the venous outf low from the liver Changes m outf low 
pressure due to the heterotopic position of the graft, and in inflow pressure due to 
the lack of arterial inf low, may result m changes of the trabecular array We hesitate 
to interpret these metallactic changes as pathological, assumedly, they are the 
result of a morphological adaption phenomenon Obviously, the hepatic lobules 
are not 'perennial' structures. Jatropulos (1965) found m the hypertrophymg rat 
liver a distinct increase in lobular diameter 1 to 10 weeks after subtotal hepatecto-
my, but smaller lobules after 20 weeks He assumed a division into sublobules, 
since m the hypertrophied ones the sinusoidal vascular bed was enlarged above 
the optimum 
Areas of bile duct proliferation lying m a fibrous stroma are abnormal in relatively 
young rats They were statistically more abundant m 24 to 27 months old rats 
partially hepatectomized at an age of 3 months (Leeuw-lsrael 1971) Proliferation 
of bile ducts and pseudocholangioles are a common picture after ligation of the 
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common bile duct (Schalm et al 1956, Lee et al 1968), and can occur m 
association wi th regeneration after extended parenchymal lesions (Hueck 1955). 
In auxiliary liver grafts, a local proliferation of bile ductules might be caused by a 
slight, chronic cholestasis, which is also indicated by the electronmicroscopical 
appearance of the bile canahculi, and the increased activity of ATPase This picture 
resembles that of the recipient's liver, but it is less intense Since in the graft changes 
of bile canaliculi and ductules were more frequent in one region and absent m 
others, assumedly these alterations are not caused by an extrahepatic cholestasis, 
e g as induced by kinking or by another kind of slight obstruction of the common 
bile duct, but by a local disturbance m interlobular hepatic bile f low caused by 
contraction of scar tissue due to preceding biopsies 
Ad 3 One of the most impressive changes is the alteration of the sinusoidal endo-
thelial wall During all post-transplantation periods the lining endothelium is dis-
rupled or absent Where it is absent, all components of the circulating blood are 
allowed to come into direct contact with the free hepatocytic surface if the surface 
is not masqued by the electron dense amorphous substance Usually, endothelial 
cells appear to show many of the characteristics of an inert porous membrane, 
permeable for water and substances dissolved m water, but relatively impermeable 
for colloids Macromolecules may be transported across the lining cell e g by 
means of endo- and exocytosis An extended disruption of the sinusoidal endothe-
lium may therefore result m an increased supply of macromolecules to the hepato-
cytes, and, as indicated by the increased number of fuzzy-coated vesicles, protein 
may be one of the substances being taken up to a larger degree by the rat hepatic 
homograft An increased activity of membrane bound enzymes (ATPase, ale Pase), 
particularly m the midzonal area, could confirm the assumption of a higher sinusoi-
dal activity {Jap and Jerusalem 1971) 
The reason for the alteration of the sinusoidal endothelium remains unknown, but 
it may possibly be the result of a disturbed physiologic regeneration The sinusoids 
contain a distinctly larger number of phagocytizmg cells. Typical Kupffer cells, 
obviously endothelial cells, and cells of the histiomonocytic series are the most 
prominent types of macrophages, which also engulf normal erythrocytes Over-
charged macrophages exfoliate and leave a gap, if not replaced immediately Some 
of the ' l ight' infiltrating cells may be young, regenerating endothelial cells The 
increased phagocytic activity is also indicated by the high activity of hydrolytic 
enzymes throughout all sinusoids, which appears to increase m the late post-
transplantation periods One might assume that this activity of the liver RES is a 
result of genetic disparities, and thus an immunologically induced phenomenon 
(Zimmerman and Refeld 1970). However, the phagocytic activity is distinctly 
higher m the atrophying recipient's liver 
A striking feature is the presence of electron 'light' mononuclear cells with abundant 
cytoplasm. These cells resemble somewhat those cellular elements described by 
Klion and Schaffner (1967) in canine hepatic transplant rejection, and are nearly 
identical to cells responsible for the destruction of the PVG/C rat liver graft m 
Wistar rats (see chapter 3 2 2 ) Although m the Wistar rat graft these cells may 
even show cytoplasmic protrusions insinuated into the hepatocytic cytoplasm, 
there are no signs of rejection of hepatocytes. The question arises whether these 
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cells are Τ cells being morphologically, but not functionally transformed to 'killer' 
cells A similar cell type is not observed m the atrophying recipient's liver No 
attempts were undertaken m this study to identify these cells by means of the 
ultrastructural peroxidase reaction according to Daems (1970) 
Ad 4 The subcellular appearance of hepatocytes in long surviving transplants 
also pointed to a stimulation of cell function In most liver cells the microvilli were 
longer and more numerous, and there was an increase in number of bristle coated 
vesicles, peroxisomes, microbodies and lysosomes, resp Whereas only a general 
intensification of the exchange between hepatocytes and the systemic blood could 
be deduced from the increase m the number of microvilli, the large number of 
bristle coated vesicles pointed to specific increase m protein uptake (Friend and 
Farquhar 1967) 
A satisfactory method to distinguish normal microbodies has been developed by 
Graham and Karnovsky, 1966, Novikoff and Goldfischer, 1969 The crystalline 
inner core or nucleoid of the peroxisome remains void of the reaction product, 
since it contains urate oxidase (uncase or unco-oxidase, Hruban 1969), while the 
matrix shows peroxidatic activity of the catalase Unspecific reactions are easily 
distinguished Parts of mitochondrial membranes and cristae react positively, 
probably due to cytochrome с of the inner, and cytochrome b of the outer mem­
brane A dense reaction product is regularly seen in some granules within the 
peribihary lysosomes and m those of Kupffer cells This may be caused by catalytic 
properties of some hemo-compounds m these lysosomes (Goldfischer 1966) since 
erythrocytes show a positive reaction, too (Hirai 1969) 
Peroxisomes appear to play a role m purine metabolism, and carbohydrate meta­
bolism (DeDuve and Baudhum 1966) and their number appears to increase m the 
developing (Essner 1970) and regenerating liver (Rigatuso et al 1970) as well as 
after hepatectomy (Stenger and Confer 1966) Since m the long surviving hepatic 
homograft peroxisomes were found to be in close contact with terminal dilatation 
of the RER, and the origin of peroxisomes from endoplasmatic reticulum was 
shown (Novikoff and Shin 1964, Horvath et al 1971), it may be assumed 
that the graft hepatocyte has a permanent need of this species of organelle On 
the other hand, catalase activity was stimulated after administration of ethyl-a-p-
chlorophenoxyisobutyrate (Legg and Wood 1970) 
Worth (1968) showed changes in the serum lipid profile in dogs after hepatic 
homotransplantation and concluded that mobilization of long chain fatty acids 
may be a natural mechanism to supply the liver wi th 'essential fatty acids' for 
phospholipid synthesis Phospholipids in turn play an important role m the reduc­
tion of excess fat m the liver (Ashworth et al 1963) The absence of lipid accumu­
lations, and the presence of low density lipoprotein granules m the Golgi stacks 
and in the space of Disse m the long surviving rat liver homografts may reflect 
intact absorption and re-estenfication of free fatty acids to lipoprotein triglyceride 
(Dole 1964) and the subsequent secretion of lipoprotein triglyceride into the blood 
plasma as low density lipoprotein granules (Jones et al 1966, Hamilton et al 
1967) We hesitate to interprete 'cloudy' swollen mitochondria and the fragmenta-
ted RER of several hepatocytes as an early feature of cell degeneration There are 
apparently no irreversible lesions of mitochondria, no disintegration of other cell 
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constituents, and no accumulation of osmiophilic droplets with in the cell, such as 
are usually associated with mitochondrial lesions m early stages of cell injury and 
cell death Morphologic changes resulting from nonfatal injuries are frequently 
termed degenerations (Robbms 7967) although it remains uncertain in most cases 
whether these changes are potentially reversible or not The same injurious in­
fluences that cause the degeneration of cellular organelles applied over a longer 
period, or to a more intense degree, ultimately lead to cell death and necrosis 
(Trump et al 1965) However, morphologic changes of mitochondria and altera­
tions of the RER, like those observed m cases of cell necrosis (David 1967, 1970) 
were also noticed a few hours after partial hepatectomy in the remaining liver 
(Fischer and Fischer 1963) 
The various morphologic changes, and the increase m lysosomal structures 
occurring after partial hepatectomy were interpreted as a transitional over-charge 
of the remaining liver cells (Rohr et al 1970) 
It might therefore be possible that the morphologic changes after partial hepa­
tectomy, as well as in our liver homografts, were the morphologic expression of 
increased cell function, since m both instances the liver hypertrophied compen-
satonly due to hyperplasia of the hepatocytes Whereas after partial hepatectomy 
the normal structure of hepatocytes was restored after a few days (Fischer and 
Fischer 1963, Rohr et al 1970), in the auxiliary liver homografts the frequency of 
subcellular changes did not become distinctly less evident wi th increasing age of 
the graft The liver grafts appear to persist m a state of compensating 'over-charge' 
The reason for this permanent 'over-charge' remains u n k n o w n , but it may be 
responsible for a decrease m the hepatic reserve capacity as demonstrated wi th the 
galactose elimination test (see point 7 of discussion) 
In the absence of comparable findings m the literature, much of the discussion 
concerning the aggregation of glycogen areas m 'bow-tie' like formations must 
necessarily be speculative It may be that the polar orientation of these aggregations 
indicates a prefered, because rationalized, smusoid-hepatocyte- sinusoid pathway 
which could possibly alternate wi th another metabolic pathway The reader is 
reminded to the fact that the grafts are supplied with portal blood only Generally, 
the amount of glycogen is in inverse ratio to the amount of cellular RNA (Dewar 
1955, Wislocki and Dempsy 1955, Vendrely and Vendrely 1959) In the liver the 
total amount of nucleic acids and glycogen undergoes inverse, diurnal changes 
(Leske and ν Mayersbach 1966,Eling 1967) Jerusalem et al (1970) showed that 
there is an inverse relation between the number of ribosomes on the RER and the 
cellular glycogen content The heterogeneous appearance of the RER m trans­
planted livers, even m adjacent cells, could indicate that the hepatocytes do not 
change their mam functions more or less synchronously, but asynchronously, 
perhaps due to the denervation of the graft The influence of the splanchnic 
nervous system on the activity of the liver glycogen Phosphorylase and G-6-Pase 
was demonstrated by Shimazy and Fukuda (1965) The cytochemical demon­
stration of G-6-Pase allows an accurate localization within the cisternae of 
the RER, fragments of SER, as well as m the nuclear envelop This enzyme 
is localized in the microsomal fractions of homogenates m biochemical 
preparations, and may be present m the agranular reticulum m an inactive form, 
together with a pyrophosphatase and a pyrophosphate glucose phosphotrans-
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ferase, which might be involved m the same catalytic reactions Unspecific 
staining of bile canahculi is observed, probably due to alk Pase, which may 
contribute m hydrolysmg the substrate at the given pH, although to a much 
lower extent In the grafts the cytochemical distribution of G-6-Pase activity 
shows no remarkable changes, although the amount and distribution of their 
target organelles may change, indicating that metabolic pathways associated 
with the activity of this enzyme are undisturbed 
Differences m the submicroscopical feature of hepatocytes may also be due to age 
differences of individual cells The reader is reminded of the fact that the grafts 
hypertrophy compensatonly and complementanly The appearance of some 
hepatocytes resembles that of 'young' liver cells described by Bischoff et al 
(1969) in pigs, and are possibly post-mitotic 
Changes m the architecture of bile canahculi in long surviving rat liver homografts 
can be interpreted as the result of slight, chrome cholestasis There is evidence of 
canalicular varicosity and mamillary projections of the hepatocytic cytoplasm 
protruding into the somewhat dilated lumen There are, however, no indications 
of an acute and severe cholestasis, since there are neither inspissated bile, nor 
excentnc dilatation ('ballooning'), nor marked loss of microvilli as was shown 
by Steiner et al (1967) to occur after ligation of the common bile duct, and by 
Porter (1969) m several canine and human orthotopic liver homografts 
Numerous studies deal w i th the specificty of the cytochemical ATPase reaction 
and the membrane localization of this enzyme (Moses 1966, 1968, Wills 1966, 
1967, 1968) Although it appears somewhat questionable whether lead is pre 
cipitated to a larger amount by the chemical nature of some tissue compounds than 
by a specific enzyme (Ganóte et al 1969), recent own studies point to a certain 
relationship between the results of histochemical ATPase demonstration and 
biochemical determination of total ATPase activity 
The alkaline phosphatase is another membrane bound enzyme which can be 
demonstrated using cytidme monophosphate as a substrate An increased bile 
canalicular ale Pase activity was demonstrated by Oledzka-Slotwmska (1968) 
after ligation of the common bile duct In both the graft and the recipient's liver 
ATPase and alk Pase react in a different way The activity of the ATPase is more 
intense in the lobular periphery, and the reaction product mostly does not cover 
the whole microvillus in the bile canaliculus, but is deposited as triangular crusts 
With the alk Pase, a dense, but irregular, wide line is precipitated on the bile 
canaliculus 
The reason for these differences m the activity of both enzymes remains unknown, 
but may be due e g to the above mentioned changes in the quality of the blood 
supply There is a certain relationship between alterations m the structure of bile 
canahculi and an increased activity of ac Pase m the pericanalicular region This 
particularly holds true for the recipient's liver m which the common bile duct is 
hgated As a typic lysosomal marker, acid phosphatase can also be demonstrated on 
the electron microscopical level (Nov/koff 1961, Daems 1962) In the grafts, ac 
Pase activity is found m typic lysosomes, myelin figures some scattered membranes 
and in some dense inclusions Since these dense structures represent digested 
and/or substances accumulated in lysosomes, a higher activity of the hepatocytes 
is indicated Substances being digested may derive from the circulating blood 
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or may be endogenous cell products which cannot be secreted to the normal 
extent 
Ad 5 The changes in the pattern of distribution and intensity of various enzymes 
under discussion are referred to the classical anatomical 'hepaton', rather than the 
functional liver 'acinus' (Rappaport 1963) Almost all enzymes differ m their 
pattern of distribution from that of normal controls 
The activity of the ATPase is generally higher than in controls, since the connective 
tissue proliferates somewhat, and canalicular ATPase activity is higher The 
increase of ATPase activity in the bile canaliculi can be explained by a slight, but 
chronic cholestasis (Wachstem et al 1962 Wenn 1971) The reason of this 
cholestasis is unknown Most probably the increase in sinusoidal ATPase activity 
is caused by a general increase in membrane transport function The increased 
activity of the hepatocytic surfaces is also indicated by the large number of bristle 
coated vesicles seen on electron micrographs 
In general, an increased alk Pase activity is noted in the bile canaliculi A striking 
increase has been observed m experimental biliary obstruction (Hard and Hawkins 
1950) Occasionally observed differences in the zonal distribution of ATPase and 
alk Pase may be explained by a 'zonal' distribution of de novo synthesis of the 
protein component of the hepatic alk Pase isoenzyme 
The membrane bound enzyme that acts upon nucleotides containing phosphates 
estenfied at carbon 5 of ribose (5-Nase) is also higher m the grafts Under normal 
condition the maximum activity of this enzyme is found m the centnlobular region 
(Turchini et al 1960) During the early post-transplantation periods the main 
activity shifts to the periphery Whether this may be due to the lower oxygen supply 
of the portal regions remains an open question 
The increase m ас Pase activity indicates both an increased endophagocytosis of 
sinusoidal macrophages and a higher lysosomal activity of hepatocytes (Jap in press) 
The succinate dehydrogenase is an enzyme of the tricarboxylic acid cycle and 
decreases in activity in all grafts, it does not change its zonal distribution within 
the lobules, but frequently the distribution within the cytoplasm The juxtanuclear 
and peripheral portions of the hepatocytes are the preferred sites of SDH activity 
This orientation may indicate a preferred, because rationalized, smusoid-hepatocyte 
pathway which may be the result of the decrease of oxygen supply to the graft 
The NADP dependent iCDH shows fluctuations in 'zonal' distribution and changes 
m the intensity during all post-transplantation periods These fluctuations are by 
no means understood, but might be the result of changes in local blood supply 
Although the overall activity of iCDH is somewhat lower than in controls, it is 
apparently sufficient to maintain its important role m synthesis Under other 
experimental conditions, such as phénobarbital treatment (Koudstaa/ and Hardonk 
1969J, the activity of iCDH seems to be related to hydroxylatmg capacity This 
function may play a minor role in liver grafts, since the hepatocytes show no 
striking increase m the SER It appears not to be possible to relate AAT (GOT) to 
one special hepatocytic functional process Apparently this enzyme has a large 
need for oxygen This may be the reason that the activity of the AAT is generally 
lower than in controls, and that it remains exclusively localized in the periportal 
zone 
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The lactate dehydrogenase is the key enzyme of anaerobic glycolysis The increase 
m LDH activity m the grafts is easily explained by the decreased oxygen supply, 
due to the portal venous inflow only 
The activity of the G 6-Pase shows minor changes during all post-transplantation 
periods This indicates an undisturbed glycogenolytic capacity 
Ad 6 The use of the galactose tolerance test for the evaluation of liver function 
is based upon the fact that galactose is predominantly metabolized m the liver 
(Fischer and Wemland 1965) The values were found to be normal m patients with 
biliary obstruction, but abnormal m patients with hepatocellular changes (Teng-
strom 1966) In rats carrying auxiliary liver transplants the time required for 
galactose concentrations m the plasma to be halved increased steadily until the 
end of the second posttransplantation period, and decreased somewhat during 
the fol lowing period However, 6 and 10 months after transplantation, the Т г 
was twice that of normal livers, indicating a certain functional disorder of the 
hepatic parenchyma The values obtained during the first and second post trans­
plantation period are not completely representative of the function of the grafts, 
since during this time the recipient's liver still contributes to life sustaining functions 
to an unknown extent m individual cases 
The analysis of changes m serum enzyme patterns may help to understand 
pathophysiological mechanisms Alkaline Pase activity is frequently higher after 
surgical interventions, but the increase during the second posttransplantation 
period may be the result of anabolic rather than of catabolic changes in the atro­
phying recipient's liver, since G P T activity does not indicate hepatocellular 
damage during the second period The reason for the increase of G О Т is unknown 
In human patients a DE RITIS quotient higher than 1 5 was found m cases of 
decompensated liver cirrhosis (Schmidt and Schmidt 1963, Gerlach 1968), 
assumedly due to hepatocellular injury m combination with decreased G P T 
activity m the cirrhotic lobules In the case of auxiliary liver transplantation, the 
atrophying host liver may contribute to the high DE RITIS quotient The increased 
hydrolytic activity ( L A P ) is explainable by the degeneration of the recipient's 
liver An increase in total serum cholesterol levels is found m obstructive jaundice, 
and may be due to overproduction m the liver (Byers et al 1951), rather than to 
retention of cholesterol normally excreted into the bile The increase in beta 
lipoproteins can be regarded as a result of the high total cholesterol concentrations, 
since beta lipoproteins have an important transport function However, whether 
the high a-HBDH LDH quotient on day 5 may be the result of myocardial lesions, 
perhaps caused e g by the extended anasthesia, remains questionable, since LDH 
isoenzymes (1 and 2) decrease during the same period The hypernormal serum 
lactate concentration may be the result of increased anaerobic metabolism 
The permanent, subnormal activity of serum LDH is poorly understood Temporary 
elevations m the serum activity of LDH have been reported m a variety of hepatic 
disorders, particularly in cases of acute intoxications, but it remains low m chronic 
liver cirrhosis The rise of the lactate dehydrogenase isoenzyme (LDH-4) on day 
5 indicates a pathological involvement of the liver cells, probably that of the 
atrophying host liver 
The comparison between the activity of serum enzymes and the result of histoche-
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mical studies reveals a complex picture Bitensky (1967) reported on agreement 
of the activity of serum alk Pase and histochemical determination of alk Pase m 
a variety of human hepatic disorders In our transplanted rats serum alk Pase is 
generally higher than in controls, but lower in the graft and higher m the recipient's 
liver in histochemical preparations It may be that the recipient's liver gives 
r iselo increased serum alk Pase activity Kaplan and Righetti (1970) assumed 
that the rise m serum alk Pase is due to both the 'reurgitation' of this enzyme and 
the de novo synthesis of the protein component of the hepatic isoenzyme In 
these cases the amount of hepatic alk Pase is about 240 times than normally 
secreted into the bile The activity of serum G Ο Τ is also higher than normal, but 
histochemical AAT ( G O T ) activity is lower m the hepatocytes of both, the graft 
and the recipient's liver Subnormal levels are observed in the activity of serum 
total L D H , however histochemical LDH activity m the graft and the recipient's 
liver is higher than normal The increased activity of serum ac Pase only reflects the 
increased tissue activity in both co-existing livers The reasons for these divergences 
are by no means understood, and are not explained by differences in the condition 
of the hepatocytes m the graft and m the remaining host liver 
The most interesting, but not yet entirely interpreted, changes are recognized m the 
serum protein patterns The decrease m total serum albumin during the first post­
transplantation period may be regarded as the result of both the elimination within 
the scope of an increased post-operative turn-over and a lack of albumin synthesis 
No earlier than after the adaptation period the graft enters into the production of 
serum albumin, which subsequently rises slowly The early decrease m total 
globulin may partly be due to a 'clearance' by the graft The sudden elevation of 
total globulin between the 5th and 7th day is probably due to alpha-1 globulin, 
rather than to gamma globulin An increase m the alpha-1 fraction m human 
patients is almost always pathological, e g in chronic inflammatory, chronic 
degenerative, and malignant neoplastic diseases Whereas the atrophying reci­
pient's liver may induce alpha-1 globulin elevation during the early post-trans­
plantation phases, it appears unlikely that the small, organized and inactive 
remnant of the former host liver gives rise to the increase m the alpha-1 glopulm 
fraction 3 and 16 months after transplantation The same holds true for the alpha-2 
fraction which appears as a diffuse band during the late post-transplantation 
periods The beta globulin fraction is a very heterogeneous mixture of proteins, 
consisting of beta-lipoprotems, transferin, hemopexm and complement, e g The 
division of this fraction into t w o separate bands during the late post-transplantation 
periods is very striking Whether this subdivision is due to both the changes m the 
transferin fraction and m beta lipoproteins needed for the transport of cholesterol 
is the subject of recent investigations It is also not yet clear whether the elevation 
of gamma globulins during the later periods is unspecific or specific with respect to 
the auxiliary liver homograft 
Ad 7 The remaining recipient's liver is deprived of portal blood, and its common 
bile duct is ligated The sudden decrease in the amount of hepatotrophic precursors 
results in atrophy of the organ, particularly during the early second period, when 
the graft becomes fully active The ligation of the common bile duct induces 
further additive changes The occurrence of lipid inclusions m pyknotic nuclei, 
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autophagic vacuoles, and lipid droplets m the cytoplasm are the result of atrophic 
processes Finally, the membrane of the hepatocyte disrupts, and fragments turn 
up m the sinusoidal lumen. Widened bile canalicuh, filled wi th inspissated bile and 
a distinct proliferation of cholangioles, are the result of extrahepatic biliary ob-
struction These changes are also demonstrable with the ATPase and alk Pase 
reaction, both distinctly more intense than m the graft 
Surprisingly, not all hepatocytes are affected to the same extent at the same t ime, 
some groups show severe changes, whereas others have a more or less normal 
appearance Within the connective tissue, replacing the atrophied parenchyma, 
some groups of morphologically intact hepatocytes could be demonstrated in 
remnants of the recipient's liver 358 to 377 days after transplantation The atro-
phying parenchyma is successively replaced by connective tissue The mam 
infiltrating cells are macrophages, fibroblasts and occasionally mast cells However, 
electron 'l ight' infiltrating cells are not present. 
The pattern of distribution of enzyme activity differs from that of the graft The 
activity of enzymes of the Krebs cycle (SDH and iCDH) is distinctly weaker in the 
recipient's liver The same holds true for the G-6 Pase and LDH during the later 
post-transplantation periods These enzymes are involved m glycolysis and 
glycogenolysis The low activity of these enzymes, particularly in the centnlobular 
and later also m the midzonal region, can be explained by the restricted blood f low 
and the decreased supply of hepatotrophic metabolic substance Changes in the 
distribution of the various enzymes reveal a patchy loss of single hepatocytes and 
small groups of liver cells, rather than a slow overall decrease of hepatocytic 
enzyme activity 
Concluding remarks 
By a newly developed technique of rat auxiliary liver homotransplantation, rats 
were obtained that survived longer than 14 months Most morphological changes 
were already noticed after about 1 week, they did not increase significantly as to 
quality or quantity during the subsequent period Therefore, morphological and 
cytochemical changes can be regarded as an adaption to changes in hemodyna-
mics caused by the heterotopic position of the graft, and to changes in blood 
supply (portal only), rather than as an expression of functional deterioration This, 
particularly, holds true for the changes m histo-topographic distribution of 
enzymatic activity, the different aspect of the rough endoplasmic reticulum, and 
holds assumedly also for the 'bow-t ie ' like glycogen formation Furthermore, the 
increase in number of bristle coated vesicles, microvilli, large peroxisomes, and of 
granules of low density lipoprotein in the Golgi stacks also points to a stimulation 
of cell function. The reason for the loss of lining sinusoidal endothelium in long 
surviving grafts remains obscure, as does also the immediate effect of the lack of 
the space of Disse on the hepatocyte 
Although the results indicate that a heterotopic (auxiliary) liver transplant can 
sustain life supporting functions over long periods, the reserve capacity of these 
grafts appears to be limited It can be assumed that any additional work demanded 
from the transplanted liver may result m fatal functional deterioration The reason 
why Wistar rat liver homografts are not rejected, is poorly understood. 
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3.2. P V G / C RAT TO W I S T A R R A T A U X I L I A R Y L IVER 
A L L O T R A N S P L A N T A T I O N 
3 . 2 . 1 . POSTOPERATIVE COURSE 
The PVG/C strain is an inbred strain. The liver of these rats is used as the auxiliary 
graft of choice because of the homogeneity of its transplantation antigens. The 
animals received no immunosuppressive agents. The rats were sacrificed during 
the first and early second post-transplantation period (see chapter 3.1.1.) before 
they lapsed into poor condition At autopsy all liver grafts were slightly or modera-
tely increased in size, but not congested although of somewhat darker colour than 
the Wistar rat liver graft 
Light microscopically, macrophages, polymorphonuclear leucocytes and occa-
sionally lymphocytes are seen to infiltrate the portal areolar tissue during the first 
two days after transplantation. From the third day on the number of infiltrating 
mononuclear cells increases steadily. These cells accumulate particularly in the 
sinusoids which gradually enlarge, while liver cell plates apparently become 
smaller. They also infiltrate the connective tissue of the portal canals, but these 
infiltrations are generally not very dense. Under the light microscope the infiltrating 
cells resemble medium sized and large lymphocytes, but are not distinctly pyro-
ninophilic and show abundant light staining cytoplasm. A zonal necrosis is not 
observed. The reduction of the hepatic parenchyma occurs here and there through-
out the whole liver lobule. Fourteen to 21 days after transplantation the graft is 
replaced by connective tissue. However, some groups of obviously intact hepa-
tocytes can occasionally be detected. In most grafts cholangioles insinuate deeply 
into the hepatic lobules during the first 10 days after transplantation. Infiltrating 
cells show numerous mitotic figures and, surprisingly, numerous hepatocytes of the 
graft also divide mitotically during the phase of acute rejection. 
This chapter only deals with the ultrastructural histopathology of the graft during the 
early second post-transplantation period. It is the aim to analyse the ultrastructural 
changes of hepatocytes in the acutely rejected grafts, rather than to give an 
extended analysis of mechanisms of graft rejection and of the cellular elements 
responsible for it. For this study the early second period is the most appropriate, 
since 8 to 10 days after transplantation a rapid fall in the functional capacity of the 
liver graft is usually observed. 
3.2 .2 . SUBMICROSCOPICALAPPEARANCEOFTHEPVG/C RAT AUXILIARY LIVER 
GRAFT 
Controls. The normal liver of PVG/C rats does not differ essentially from that of 
normal Wistar rats (3.1.2.). 
One day after transplantation. The most conspicuous change concerns lipid 
droplets which accumulate in large numbers in the hepatocytes. Myelin figures 
also appear to be increased in number. The stalks of RER are longer and more 
flattened than in controls. 
The lining endothelium shows arcading and stripping off in many sinusoids. It is 
distinctly swollen and contains a variety of phagocytized material. The closed 
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junctions at the side of perisinusoidal recesses are frequently broken off. Poly 
morphonuclear cells are more numerous in the sinusoids than m controls. 
Eight to ten days after transplantation. Low scanning electron micrographs reveal 
a quite heterogeneous appearance of the graft. There is not only a distinct disarray 
of the lobular architecture, but also an interruption of liver cell plates and separation 
of the hepatocytes by infiltrating cells. Remaining liver cell plates are flattened, and 
frequently appear as thin strands. Single hepatocytes, cell plates and fragments of 
liver cell trabeculae are closely encompassed by electron light, mononuclear cells. 
The nuclei of the flattened hepatocytes are somewhat shrunken and exhibit 'warp-
thread' like dilatations of the nuclear membrane. Some nuclei have a marked nu-
cleolonema. Glycogen is hardly detectable. The RER is largely dilated and inter-
connected with widened, anastomosing tubular branches, particularly at the 
periphery of the cell. The SER is largely masked by RER elements Fragmentation 
of the RER is observed adjacent to Golgi areas. However, there is no loss of 
membrane bound polysomes, but free polysomes are hardly detectable. Cons-
picuous is the accumulation of liposomes of various sizes m the majority of liver 
cells. Most mitochondria are distinctly 'cloudy' swollen, the cnstae sparcely. 
developed. The mitochondrial matrix shows electron dense, amorphous inclusions 
All bile canaliculi are extremely dilated and have only very few plump microvil l i , 
but there is no increase in so called 'suicide bags'. 
The normal sinusoidal microarchitecture is replaced by a variety of non-hepatic 
cell elements. The most prominent cell is a large mononuclear cell. The nucleus 
is round or oval wi th one to four indentations. Most cells exhibit one to two 
prominent reticular nucleoli, but sparee, regularly distributed chromatin. The 
cytoplasm is very electron light and contains few scattered RER profiles with 
irregularly studded ribosomes. On appropriate sections juxtanuclearly localized 
Golgi areas with dilated stacks can be detected. The few, and apparently arbitrary 
distributed mitochondria are less electron dense than hepatocytic mitochondria. 
The amount of large vacuoles containing some whorled membranes, of membrane 
bound vesicles of varying size containing ferritin, and of dispersed polyribosomes 
can vary from cell to cell. The same holds true for bristle coated vesicles and small 
caveolae containing electron dense material. Some cells are nearly as large as the 
remaining hepatocytes, others have the size of large lymphocytes. Frequently these 
cells accumulate to clusters. Occasionally a polymorphonuclear granulocyte and, 
less frequently a typical small lymphocyte is interspersed. A variable number of 
macrophages is also arbitrarily distributed. Erythrocytes are found sandwiched 
between different cell types. Since without exception all parenchymal cells are 
entirely encompassed by these light mononuclear cells, erythrocytes are kept at a 
distance from the hepatocytes. These electron light cells are found to have very 
close contact with the hepatocytic surfaces. Since there is a lack of microvilli, the 
contact line consists of long parallel cytoplasmic membranes. At some places an 
amorphous or filamentous substance is interposed between the hepatocytes and 
this particular cell type. Interlocking, fingerlike cytoplasmic extensions of variable 
electron density are sandwiched between the hepatocytes, and even penetrate the 
hepatocytic cytoplasm at some places. However, in most cases there is no increase 
in the degree and nature of pathological changes in the hepatocytic ultrastructure in 
areas immediately adjacent to close contact lines wi th the electron light non-
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hepatic cell types In advanced stages of rejection filopodia and large cytoplasmic 
extensions of the ' l ight' cell types penetrate deeply into the hepatocytes and appear 
to gouge out stalks and pedunculated portions of the hepatocytic cytoplasm In 
these cases a disintegration of hepatocytic cytoplasmic constituents can be 
observed at sites of interlacing cytoplasmic extensions 
3 2 3 H I S T O C H E M I S T R Y O F T H E G RAFT A N D THE R E C I P I E N T S L IVER 
Graft and recipient's liver are investigated during two periods First, one to four 
days after transplantation, and secondly, eight to ten days after transplantation 
(first period and early second period, which is the final stage of the acute rejection) 
Mg2 + -Adenosine Triphosphatase 
Graft During the first period the proliferating connective tissue and the adventitia 
of bile ducts react very strongly The same holds true for the numerous cells 
accumulating within the areolar tissue The activity of bile canaliculi which is high 
m the lobular periphery, decreases towards the centnlobular region The sinusoidal 
activity, however, increases from the midzonal region centripetally This feature 
is intensified by the large amount of positively reacting cells accumulating in the 
sinusoids 
During the early second period the activity of the proliferating connective tissue 
increases enormously due to a massive infiltration of a variety of positively reacting 
cells The number of hepatocytes decreases rapidly, and the activity of the bile 
canaliculi is distinctly lower than during the first post-transplantation days How-
ever, the reaction of the enlarged sinusoids increases (due to the gradually 
increasing numbers of non-hepatic cellular elements) 
Recipient's liver During the first period the bile canaliculi of the lobular periphery 
are extremely branched, small and distinctly outlined by the reaction product Their 
activity decreases towards the centnlobular region A regular sinusoidal activity 
is noticeable throughout the whole of the lobules The portal connective tissue and 
the adventitia of proliferating bile ducts react strongly positive Cellular elements 
exhibiting distinct ATPase activity surround some blood vessels of the portal triad 
like a mantle layer However, other infiltrating cells react only weakly In the mid-
zonal region highly active cells accumulate within the sinusoidal lumen 
During the early second period the recipient's liver presents the aspect of an early 
cirrhosis of the portal type The lobuli are somewhat irregularly shaped, small and 
surrounded by strands of connective tissue derived from the increased portal 
areolar tissue Many cells react only weakly, however, the number of strongly 
positive reacting cells which accumulate m small groups increase gradually 
towards the centnlobular region Surprisingly, these cells surround also the central 
veins The sinusoidal activity is high throughout the whole lobule, particularly in 
the midzonal region In the pericentral area the activity of bile canaliculi is distinct 
In the recipient's liver, ATPase activity is higher than in the graft, and higher in 
the graft than in controls 
5-Nucleotidase 
With two exceptions there are no noticeable differences in the overall reaction 
58 
pattern between graft and host livers, in the recipient's liver the 5-Nase is more 
active m the centnlobular region, and the bile canaliculi are less distinctly outl ined. 
Alkaline phosphatase 
Graft. During the first period, the enlarged areas of portal supporting connective 
tissue and the infiltrating cells are distinctly active. The bile canaliculi react 
strongly positive in the lobular periphery and weaker in the centnlobular region. 
Polymorphonuclear granulocytes exhibiting high activity are distributed through-
out all sinusoids. 
The sinusoidal activity increases during the second period. However, the bile 
canaliculi appear to be reduced in number and show decreased activity. Whereas 
most cells infiltrating the enlarged portal canals show no alk. Pase activity, small 
groups of positively reacting cells can be demonstrated adjacent to the efferent 
venous system. 
Recipient's liver. Early after transplantation in the lobular periphery the thickened, 
spiny, branched bile canaliculi are covered with a dense reaction product. The 
midzonal region exhibits mostly sinusoidal activity, while the centnlobular hepa-
tocytes are negative for alk. Pase. The adventitia of the blood vessels and the bile 
ducts in the enlarged portal connective tissue react very strongly. There are also 
some positive infiltrating cells. Accumulations of strongly reacting cells are 
demonstrable in the central region of the lobules. 
Eight to ten days after transplantation the bile ducts of the lobular periphery have 
a pronounced thistly or spiny appearance. The sinusoidal activity decreases 
sharply in the midzonal region, while m the centnlobular region alk. Pase activity 
is restricted to groups of accumulating infiltrating cells. 
Compared wi th normal livers which only show sparee alk. Pase activity, this enzyme 
is abundant m the graft and in the recipient's liver. 
Acid phosphatase 
Graft. The changes occurring during the early postoperative period are not very 
conspicuous. The enlarged areas of portal connective tissue contain some cells 
with granular precipitates. The epithelium of the bile ducts also shows scattered, 
dense granules of the reaction product. In the periportal hepatocytes the number 
of peribiliarly localized lysosomes is moderately increased, and throughout the 
cytoplasm are scattered, fine granules of the reaction product. The hepatocytic 
activity decreases towards the centnlobular region. The sinusoidal activity is high 
in the midzonal area due to accumulation of non-hepatic cellular elements in the 
widened sinusoids, which exhibit a variable ac. Pase activity. In general the activity 
of ac. Pase is moderately higher than in controls. 
This picture does not change essentially during the second period, although the 
lysosomal activity appears to be somewhat intensified. 
Recipient's liver. During the first period the lysosomal activity in the peripheral 
hepatocytes is very high, decreasing slightly towards the lobular centre. The number 
of positively reacting cells is higher than in the graft. In general, the activity of this 
hydrolytic enzyme exceed that of the graft and normal livers, resp. 
During the second period the maximum of lysosomal activity shifts from the 
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periphery towards the centre of the lobule, where increasing accumulations of the 
reaction product can be noticed 
Succinate dehydrogenase 
Graft This enzyme reaction reveals a 'honey comb' like appearance of the hepa-
tocytic microarchitecture already early after transplantation The widened and 
almost negative reacting sinusoids represent the meshes of this structure, while 
the triangular appearance of the hepatocytes is caused by the attacking cells 
insinuated between hepatocytic connections (see chapter 3 2 2 ) However, the 
SDH activity is very high m the lobular periphery Numerous mtracytoplasmic, 
negatively reacting vacuoles of different sizes represent the localization of lipid 
droplets the contents of which are dissolved during the pretreatment procedure 
used for this enzyme reaction The reaction product is somewhat coarse due to the 
enlarged 'cloudy' swollen mitochondria (see chapter 3 2 2 ) , and mostly jux-
tanuclearly localized Towards the centnlobular region the number of positively 
reacting hepatocytes decreases This may indicate necrosis of liver cells The 
supporting connective tissue reacts negatively, and the bile ducts are faintly 
stained The total SDH activity of the graft is lower than that of control livers 
In the advanced stages the general distribution of SDH activity is similar to that of 
the first period, however the number of apparently viable hepatocytes decreases 
rapidly and considerably 
Recipient's liver The early enlargement of the portal areas and the proliferating 
perilobular connective tissue are clearly demonstrated wi th this enzyme reaction, 
since proliferating cholangioles, as well as some infiltrating cells, show only low 
activity This is in contrast to the positively stained hepatocytes, and consequently 
some groups of liver cells separated by strands of connective tissue and infiltrating 
cells from their lobular connection can easily be detected wi th in the portal areolar 
tissue The hepatocytes of the lobular periphery show the highest SDH activity 
which decreases sharply towards the centnlobular region Most liver cells contain 
numerous lipid droplets of various sizes In general, SDH activity in the recipient's 
liver is higher than in the graft due tot the larger number of viable liver cells, but 
it is distinctly lower than m control livers 
Eight to ten days after transplantation the lobular architecture is severely disor-
ganized The lobular periphery is divided into groups of liver cells of various size 
by proliferating connective tissue The number of lipid droplets increases, and the 
activity of SDH decreases progressively Some groups of liver cells wreathed entirely 
m thick strands of connective tissue totally lack SDH activity 
Isocitrate dehydrogenase 
Graft During both periods the intensity and the distribution of iCDH activity is 
similar to that of the mitochondrial enzyme SDH However, the proliferating 
'granulation' tissue is somewhat more active, and the reaction product within the 
hepatocytes is more finely granulated and more regularly distributed During the 
later stages the decrease of iCDH activity in the centnlobular region is even more 
distinct than that of SDH activity 
Recipient's liver The proliferating interlobular connective tissue and cholangioles 
react positively During the first period the enzyme activity is regularly distributed 
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throughout the whole lobule The decrease of iCDH activity during the second 
phase is comparable to that of SDH activity 
Lactate dehydrogenase 
Graft The distribution of LDH activity resembles that of SDH during the early 
period The bile ducts and the infiltrating cells react stronger than for SDH All 
hepatocytes are highly active, except for void spaces previously occupied by the 
lipid droplets and the reaction product is regularly distributed throughout all 
lobular zones During the second period, the intensity of LDH activity increases 
remarkably rather than decreasing as does that of SDH During both periods LDH 
activity of the remaining hepatocytes is distinctly higher than in the normal liver 
Recipient's liver Whereas the distribution of this enzyme resembles that of SDH, 
the bile ducts and cells infiltrating the portal connective tissue react more intensely 
In contrast to control livers, m the atrophying recipient s liver LDH activity is higher 
in the lobular periphery and lower m the centnlobular region This pattern does 
not change essentially during the second period 
Aspartate aminotransferase 
Graft One to four days after transplantation only the lobular periphery shows 
AAT activity This enzyme reaction clearly demarcates groups of active liver cells 
Such groups show varying intensity of enzyme activity The centnlobular areas 
are almost clear of the reaction product The total AAT activity is lower than m 
controls During the final stage the activity decreases progressively and rapidly, 
however there are no changes in lobular distribution 
Recipient's liver During the first period AAT activity is very high in the lobular 
periphery, decreasing towards the central regions Generally the total activity 
appears to be lower than in controls, due to an early decrease in viable liver cells 
During the second, final period, AAT activity is well preserved m the periportal areas, 
but lower in the centnlobular zone 
Glucose-6-phosphatase 
Graft The distribution of G-6-Pase is similar to that of SDH During the first period 
the lobular periphery reacts more strongly than the centnlobular region Highly 
active cells showing a coarse reaction product alternate with cells of lower 
G-6-Pase activity, which exhibit a diffusily stained cytoplasm The lipid vacuoles 
are void The total G-6-Pase activity is lower than m controls already during the 
first period and diminishes further during the second period, due to both the 
reduction m viable hepatocytes and the decrease in centnlobular activity Sur-
prisingly numerous remaining hepatocytes show a very strong activity (These cells 
are mostly localized m the periportal areas) 
Recipient's liver The changes in distribution and activity of the G-6-Pase in the 
recipient's liver are quite similar to those m the graft This holds true also for the 
high activity of some remaining hepatocytes 
Naphthol A S - D esterase 
Graft During the first period enzyme activity can be detected in the centnlobular 
area, however, the activity is rather low Some cells showing intense reaction 
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products are scattered throughout this region In general, during this period the 
activity is lower than in controls 
Surprisingly, during the second period the centnlobular activity increases to an 
extent comparable to that found in controls There is a larger number of individual 
cells showing intense reaction products 
Recipient's liver The distribution of the naphthol AS-D esterase resembles that m 
the graft As m grafts, the centnlobular activity increases remarkably during the 
second period 
Sudan black (B)staining 
Graft A few days after transplantation the hepatocytes show intensely stained, 
fine and medium sized droplets suggestive lipid or related compounds Hepatocytes 
in the connective tissue have numerous coarse, deep black granules The epithelium 
of the bile ducts reacts also positive, as shown by the presence of black dots 
During the second phase the granules are more numerous and more regularly 
distributed within the hepatocytic cytoplasm 
Recipient's livers During the early period black staining droplets are less numerous 
m the lobular periphery and midzonal region than m the graft Hepatocytes of the 
centnlobular region exhibit a large number of droplets representing lipid, or com­
pounds related to it However, during the second period these droplets disappear m 
the centnlobular region nearly completed, and only a few scattered black dots are 
demonstrable 
3 2 4 SOME REMARKSON С YTO С Η Ε M I CA L С H AN G E S OFGLUCOSE 6 PHOSPHATASE 
AFTERTRANSPLANTAT ION 
Light microscopical histochemistry revealed a rapid decrease m the number of 
viable hepatocytes (see 3 2 3 ) Furthermore, there is a random distribution of 
hepatocytes with large differences in enzyme activity ranging from high to very 
low Therefore, it is difficult to judge from results of cytochemistry the functional 
condition of the acutely rejected graft Ultrastructural cytochemistry, however, 
may reveal some details elucidating the course of events and their implication 
regarding some hepatocytic constituents 
G lucose-6—phosphatase 
One day after transplantation, the reaction product localized in the perinuclear 
space appears to be increased, compared wi th controls A granular precipitate 
occurs also within the long, flattened stalks of the RER and the small scattered 
SER elements, but the reaction appears to be weaker than m controls, even m 
cells at the lobular periphery The microbodies and swollen mitochondria are 
enzymatically inactive However, a finely granular background precipitate is 
present It may be caused by an unspecific reaction Small myelin figures also 
contain fine, unspecific precipitates, as do also the bile canalicuh Canalicular 
precipitates are not as coarse as m the Wistar to Wistar rat homograft 
Eight days after transplantation the hepatocytes show distinctly reduced amounts 
of the reaction product In the endoplasmatic reticulum a finely granulated preci­
pitate appears as a dotted line at the innermost membrane of the cisternae Many 
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of the increased whorled membranes show unspecific precipitates As described 
in chapter 3 2 2 , infiltrating cells appear to gouge out pedunculated portions of the 
hepatocytic cytoplasm These 'amputated' cells show an evident decrease in 
G-6-Pase activity, as judged from light microscopical histochemistry Electron 
micrographs of cytochemical reactions, however, do not confirm the same drastic 
reduction and appear, therefore, to be unsuitable for a comprehensive analysis of 
the dramatic course of events of acute graft rejection 
3 2 5 CLINICALCHEMISTRY 
Cellulose acetate electrophoresis 
Several days after transplantation there is a distinct difference m the pattern of 
serum fractions Compared with normal rat serum, the albumin component is less 
intensely stained The alpha-1 globulin fraction is intensified, the alpha-2 globulin 
component is totally absent, whereas beta globulin and gamma globulin are 
normal 
3 2 6 DISCUSSION 
The PVG/C rat liver graft heterotopically transplanted in the Wistar rat is acutely 
rejected after 7 to 21 days The topographic distribution of the rejection evenly 
differs from that described by Starzl et al (1966) and by Porter (1969) m 
canine and human liver allografts, but resembles somewhat the rejection pattern 
of the chimpansee to human heterograft In the PVG/C rat liver graft the 
accumulations of mononuclear cells m the portal connective tissue and in 
the wall of the efferent veins are not as striking as those in the sinusoids Vascular 
lesions wi th subsequent infarction, hemorrhagic, and/or ischemic necrosis are 
absent 
The mam infiltrating cells are very large mononuclear cells with electron ' l ight' 
cytoplasm They do not exhibit polyribosomes to such an extent as described by 
Fischer and Fischer (1963) and by Klion and Schaffner (1967), but have a few 
profiles of RER Many also contain phagocytic material They resemble transitional 
forms of monocytes, rather than cells of the lymphocytic series, or may also 
be transformed 'killer' cells These cells encompass the hepatocytes closely, 
separating them from each other by large cytoplasmic extensions 
Although the plasma membranes are coapted, immune cytolytic events are absent 
at the zones of contact Due to the encompassing of parenchymal cells, the 
infiltrating cells interfere with local blood f low and impair blood-hepatocyte 
exchanges, thus competing with the liver cells for nutrients Ultrastructural and 
histochemical changes appear to be a nonspecific form of hepatocellular damage 
The picture of rat liver allografts during the acute rejection phase is quite hetero-
geneous Since the damage to liver cells apparently depends upon close coaptation 
of the infiltrating cell and the individual parenchymal cell, degenerating as well 
as obviously normal hepatocytes can be found (side by side) It also may be 
assumed that the rapid loss of viable liver cells results in a maximum functional 
load on the remaining hepatocytes, stimulating frequent mitotic divisions The 
parenchymal cells undergo division to a greater extent than that observed after 
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partial hepatectomy; however, the total amount of parenchyma decreases, due to 
accelerated atrophy. This underlines the difference between the process of 
regeneration (hyperplasia) in the Wistar rat liver homograft on the one hand, and 
the ration atrophy/hyperplasia m the PVG/C liver allograft on the other. However, 
general hepatocytotoxic events cannot be excluded. This is indicated by the early 
occurrence of fat droplets in almost all hepatocytes, which is uncommon in the 
Wistar rat liver homograft This course of events is also reflected in the histochemi-
cal and ultrastructural feature. 
Histochemically ATPase and alk. Pase activity of the bile canaliculi gradually 
decreases at the periphery, assumedly due to intoxication (Novikoffetal. 1960). 
The steadily increasing number of infiltration cells gives rise to the centripetally 
increasing sinusoidal ATPase activity. High ac. Pase activity in both the portal 
connective tissue and the sinusoids indicates that a large number of the infiltrating 
cells are macrophages. In areas of pronounced atrophy, e.g. m the centrilobular 
area during the second period, the number of macrophages increases. In contrast 
to the Wistar rat homograft, the 'cloudy' swollen mitochondria appear pathologically 
altered, since their SDH activity is distinctly lower. The rapid decrease in iCDH 
activity, particularly in the centrilobular region, may point to an early atrophy. 
Centrilobular atrophy has been described for human orthotopic liver grafts (Wil-
liams et al. 7970). 
In connection herewith, the increase of naphthol AS-D esterase in the centrilobular 
region is difficult to explain. This enzyme is related to NADPH dependent hydroxy-
lating systems (Koudstaal and Hardonk 7969, 1970). 
An increase in LDH activity is not surprising with respect to the above mentioned 
balance between hyperplasia and atrophy in the PVG/C rat liver allograft. The liver 
cells do not only compete wi th infiltrating cells for nutrients, but also for oxygen, 
which obviously results in an intensification of anaerobic metabolism, whereas 
other main enzymes decrease more in activity than m the Wistar liver homograft. 
It remains an open question whether the activity of G-6-Pase is depressed due to 
an overall decrease in glycogen (Koudstaal and Hardonk 7969) Pedunculated 
portions of the hepatocytic cytoplasm gouged out by cytoplasmic extensions of the 
' l ight ' infiltrating cells show neither glycogen nor G-6-Pase activity m histochemi-
cal preparations. However, electron micrographs of cytochemical G-6-Pase 
reaction do not confirm the same drastic reduction. 
In the own liver of Wistar rats carrying a PVG/C liver allograft, the sinusoidal alk. 
Pase activity is lower than m the graft; but that of ATPase is higher. The distribution 
and activity of the other enzymes do not differ essentially from those of the graft. 
Surprisingly, the atrophy of the recipient's liver appears to be more accelerated 
compared with the host liver of Wistar rats carrying Wistar rat liver homografts. 
One might tend to explain the rapid atrophy of the host liver with auto-immunolo-
gical events; particularly, since cells of the ' l ight' infiltrating kind can be observed. 
However, a functional apoplexia due to an overcharge with substances for detoxi-
fication may also be responsible, since, in contrast to the Wistar rat auxiliary graft, 
the PVG/C allograft is unable to resume its specific functions at the end of the 
adaptation period. 
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3 3 F E L I N E A U X I L I A R Y L IVER T R A N S P L A N T A T I O N 
3 3 1 P O S T O P E R A T I V E C O U R S E 
Successful cat to cat auxiliary liver allotransplantation has not yet been described 
This is the first report on cats which survived the first post-transplantation period 
After an initial, good recovery the animals lapsed suddenly into poor condition 
after 5 to 7 days, and had to be sacrificed The deterioration was due to extrahepatic 
episodes, ι e infection and strangulated incisional hernia At autopsy the graft 
showed rounded edges was slightly increased m size, but not congested Light 
microscopically, the portal canals are somewhat larger than normal, but not densely 
infiltrated with monocucliar cells Some infiltrating cells are seen to accumulate 
in the surroundings of large bile ducts Mitoses of hepatocytes are absent 
3 3 2 S U B M I C R O S C O P I C A L A P P E A R A N C E OF T H E F E L I N E A U X I L I A R Y L I V E R G R A F T 
Controls The hepatocytic nuclei have regularly distributed chromatin Glycogen 
particles accumulate m arbitrarily distributed large areas, and between the SER 
elements The RER is radially arranged, the cisternae contain a moderately electron 
dense substance and tend to form 'ergastoplasm pockets' (Bannasch 1968) Most 
mitochondria are more electron dense than those of rat hepatocytes The micro-
bodies exhibit nucleoids and marginal plates A conspicuous feature are the 
numerous, big lipofuscm granules, irregularly distributed throughout the cell The 
hepatocytic microvilli are numerous, long, and extend throughout the wide space 
of Disse up to the lining endothelium The pensmusoidal recesses are generally 
more widened than in other species Thick bundles of reticulm fibres can frequently 
be identified in the space of Disse 
most obvious changes are observed m the RER Compared wi th the distribution 
Eight days after transplantation, most hepatocytes show distinct changes Some 
nuclei are electron dense, pyknotic and may contain whorled-like structures The 
most obvious changes are observed in the RER Compared wi th the distribution 
before transplantation the amount of RER is increased, dilated, anastomosing and 
branching RER vesicles, ι e 'ergastoplasm pockets' are produced through cir-
cumflexion and budding (according to Spycher 197 7) In other cells the dilation 
of the RER is more advanced and results m the formation of double contoured 
'villi-like vesicles' which bear nbosomes of the innermost surface of the inner 
membrane, only Most of these structures are interconnected, filled wi th an elec­
tron light material, and exhibit a decrease of nbosomes of the outer membranes 
In some hepatocytes these 'villi-like vesicles' are increased and dilated to such an 
extent that the cell appears to consist of a nucleus and vesicular elements, between 
which a few mitochondria and other cell organelles are interspersed m the swollen, 
homogeneous hyaloplasm The SER is masked by the prevailing RER m most hepa­
tocytes The amount of glycogen is low and RER is hypertrophied Typical small 
glycogen areas are present only m hepatocytes which show the familiar array of 
RER profiles The hepatocytic mitochondria are not severely changed They show 
no marked differences m electron density, and although slightly swollen, their 
cnstae are well preserved 
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The bile canaliculi are variable in shape Some are extremely widened but empty, 
and show a loss of microvilli Others contain some electron dense material, have 
short, plump microvilli, and hepatocytic blebs protrude into the lumen There are 
no differences m number of lysosomes and microbodies in the pericanalicular 
zone There is no obvious change m the number of lipofuscin granules previously 
observed in control section 
The lining endothelium is present m most sinusoids The space of Disse is narrow, 
and the hepatocytic microvilli are flattened Occasionally a dense amorphous 
substance can be detected in the mtermicrovillar spaces Most sinusoids are wide 
open and contain a variety of phagocytizmg cells, such as Kupffer cells, and 
erythrocytes and thrombocytes Numerous macrophages show engulfed intact and 
degraded red blood cells 
3 3 3 H I S T O C H E M I S T R Y O F T H E G R A F T A N D THE R E C I P I E N T S L IVER 
Since the distribution of various enzymes m the cat liver has not yet been syste-
matically described, a brief outline will precede the description of post-transplan-
tation changes 
Graft 
Mg 2 H -Adenosine Triphosphatase 
In controls, the portal canals are small, contain only a low amount of areolar tissue 
and demarcate the edges of the classical, hexagonal hepatic lobule Interlobular 
septa and connective tissue supporting interlobular veins are absent The adventitia 
of bloodvessels and bile ducts of the portal triad are highly active Central veins, 
however, although well developed, show only low activity The bile canaliculi m 
the lobular periphery are rather long, thin, and appear to be dichotomized Towards 
the centnlobular region the bile canaliculi become shorter, less branched and their 
enzymatic activity decreases gradually The cytoplasm of hepatocytes stains 
slightly, almost diffusely, and the intensity also decreases centnpetally 
Immediately after revascularization, portal veins and portal areas are enlarged, and 
the activity of the adventitia, particularly of the veins decreases The sinusoids are 
dilated In the lobular periphery the bile canaliculi appear as single, less branched 
strands Towards the centnlobular area both the diffuse staining of hepatocytes 
and the number of distinctly active bile canaliculi decreases 
Eight days after transplantation ATPase activity of blood vessels and bile canaliculi 
is markedly decreased The bile canaliculi of the lobular periphery react strongly 
They are less branched than m controls and have a somewhat knobby appearance 
In the centnlobular region the number of bile canaliculi is drastically reduced, they 
are shorter and show only low activity The demarcation of the hepatic lobules is 
now accentuated due to a dilation of interlobular veins and peripheral sinusoids, 
and by the proliferating portal connective tissue 
Alkaline phosphatase 
Control After 60 mm of incubation the adventitia of blood vessels and bile ducts 
reacts positively and the bile canaliculi of the lobular periphery are weakly stained 
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Other portal structures and the bile canaliculi of the centrllobular region do not 
show alk. pase activity. Short incubation periods (30 min) are insufficient to 
demonstrate this enzyme. 
Shortly after revascularization, the distribution and intensity of ATPase activity 
is as in controls. 
Eight days after transplantation, the portal areas react distinctly positive. Whereas 
the peripheral and centrilobular sinusoids react only weakly, the activity of the 
midzonal sinusoids is increased about three fold compared with controls. 
Acid phosphatase 
In controls, cellular elements of the portal supporting connective tissue show 
sparse lysosomal activity. Some granules of the reaction product are present in the 
epithelium of the bile ducts. Lipofuscme granules peribiliarly accumulated in the 
periportal hepatocytes show high ac. Pase activity. The lysosomal activity decreases 
towards the centrilobular region. Some strongly positive reacting Kupffer cells are 
arbitrarily distributed. 
Immediately after revascularization, ac. Pase activity does not differ from that of 
controls. 
Eight days after transplantation the enlarged portal connective tissue is infiltrated 
by a large number of strongly reacting macrophages. In some portions of the lobule 
the maximum lysosomal activity shifts from the lobular periphery towards the 
midzonal and centrilobular region. 
Succinate dehydrogenase 
Controls. Except for the weakly stained bile duct epithelium the hepatic triad reacts 
negatively. SDH activity decreases gradually from the lobular periphery towards 
the centrilobular region and reaches a minimum in hepatocytes adjacent to the 
central vein. 
Immediately after revascularization SDH activity is found to be slightly decreased 
m all hepatocytes. 
Eight days after transplantation. There are no remarkable changes of SDH activity 
in the portal triad. The infiltrated cells react negatively. The reaction in hepatocytes 
of the lobular periphery is distinctly positive, but weak in the centrilobular zone. 
Some groups of liver cells isolated by proliferating connective tissue from their 
lobular connection react distinctly positive. The reaction product is finely granulated 
or diffusely distributed throughout the cytoplasm except for void vacuoles of 
different sizes. Macrophages containing pigment are numerous in the dilated 
sinusoids. In general differences in SDH activity between graft and controls are 
negligible. 
Isocitrate dehydrogenase 
Controls. Except for the weak staining of bile ductules the structures of the portal 
canal are inactive. The 'zonal' distribution is indicated by a distinctly higher activity 
of the centrilobular area. 
Shortly after revascularization, the total activity appears to decrease. 
Eight days after transplantation. The reaction of the portal areolar tissue is similar 
to that of controls. Cellular elements lacking iCDH activity surround the vessels 
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of the portal triad like a mantle layer The diameter of the highly reacting centnlobu-
lar zone seems to increase towards the midzonal region The sinusoids in the 
lobular periphery are widened, and become narrow again towards the central vein 
The total iCDH activity is higher than m controls 
Lactate dehydrogenase 
In controls, the LDH distribution is quite similar to that of iCDH However the 
portal supporting tissue reacts somewhat more intensely This aspect does not 
change immediately after revascularization Eight days after transplantation the 
'zonal' distribution has become less distinct, due to an increase of LDH activity 
m the normally more weakly reacting lobular peripheral zone, thus revealing a higher 
total LDH activity This enzyme reaction graphically reveals the vacuolization of 
the hepatocytic cytoplasm 
Aspartate aminotransferase 
In controls, AAT activity is high in the lobular periphery and decreases considerably 
towards the central veins Exclusively hepatocytes react positively A decrease 
m enzyme activity is noticeable shortly after revascularization Eight days after 
transplantation the enzyme activity of the periportal and midzonal areas is high, 
and only the very central portion is negative, thus, the total AATase activity is 
higher than m controls 
Glucose-6-phosphatase 
Controls This hepatocytic enzyme has a typical 'zonal' distribution The activity 
is very high in the lobular periphery and decreases gradually to (very) low levels 
towards the centnlobular region Compared to rats, this central portion reacts 
somewhat more strongly in the liver of the cat 
G-6-Pase activity obviously decreases rapidly during the perfusion period, since 
it is found to be zero immediately after revascularization 
Eight days after transplantation the activity of the lobular periphery and the midzonal 
region is somewhat lower, and that of the centnlobular region distinctly lower 
than in controls Furthermore, within the same zone the individual hepatocytes 
show variations in the degree of enzyme activity, and the reaction product varies 
between very fine and coarse granules Numerous hepatocytes do not show a 
regular distribution, but rather juxtanuclear accumulations of precipitate 
Sudan black(B) staining 
Control livers and liver grafts immediately after revascularization are almost 
unstained Eight days after transplantation numerous macrophages present m the 
connective tissue of the portal canal or scattered throughout the sinusoids are 
positively stained wi th Sudan black (B) The hepatocytes show only few, small, 
black granules, their number is distinctly lower than in the PVG/C rat to Wistar rat 
liver graft eight days after transplantation 
Recipient's liver 
Eight days after transplantation the hepatic lobule structure is distinctly accentuated 
by dilated interlobular veins and adjacent sinusoids In contrast to the graft, the 
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Mze of the lobules does not decrease, although the portal areas are enlarged In 
contrast to the recipient's liver in rat auxiliary liver grafts the bile ducts are dilated, 
coiled and may even have the appearance of 'seminal vesicles' The adventitia of 
the blood vessels and the bile ducts react strongly positive for ATPase; however, 
only the adventitia of bile ducts show alk Pase activity, that of the blood vessels 
obviously lacks alk Pase The cholangioles react weakly for SDH, but strongly 
for iCDH The LDH activity of adventitia and epithelium of the bile ducts appears 
to be higher than in controls 
ATPase activity of the bile canaliculi is restricted to the hepatocytes of the lobular 
periphery, the bile canaliculi of the midzonal and centnlobular area are inactive 
alkaline Pase activity is not demonstrable, even after prolonged incubation time, 
whereas ac Pase activity is regularly distributed throughout the lobule and appears 
to be higher than m controls The hepatocytes of the lobular periphery show high, 
those of the central zones low SDH activity The reaction product is coarse, rather 
than finely granulated and appears to accumulate m some cytoplasmic compart-
ments Whereas the total SDH activity is lower than in controls iCDH activity 
appears to be increased due to a centrifugal enlargement of the most active 
centnlobular zone 
LDH activity increases considerably, too The familiar 'zonal' distribution is 
changed to a more uniform activity of all hepatic zones The activity of AAT is 
irregularly distributed and, although high in the most active hepatocytes, it is 
lower than in controls. G-6-Pase activity is reduced m the recipient's liver com-
pared to the graft or controls Coarse and fine granules of the reaction product are 
arbitrarily distributed In contrast to the graft the sinusoids of all lobular regions 
contain numerous strongly reacting macrophages 
3 3 4 CLINICAL CHEMISTRY 
Serum protein electrophoresis 
In normal cat serum the distribution of protein components differs distinctly from 
that of human serum The albumin globulin ratio is about 1 1 to 1 1 2 (Bloom 
1957) In the cellulose acetate electrophoresis the major fractions are albumin, 
alpha 1 and alpha-2 globulin, beta globulin and a broad, dense, gamma globulin 
band representing the major globulin fraction 
Eight days after transplantation the serum protein pattern shows remarkable 
changes The alpha-1 globulin is somewhat intensified, the alpha-2 globulin 
enormously elevated and as dense as albumin Beta globulin apparently does not 
migrate it remains at the application site, and may therefore stain more intensely 
than might be expected from its real amount The gamma globulin fraction is 
totally absent. In disc electrophoresis, and using transferin as a reference marker 
(band number 1 00), the albumin (relative migration No 2 02) is decreased by 
1 1 % Band number 1 72 (postalbumm) is elevated by 5% The bands number 1 15 
and 1 00 are increased by 15% and 7%, resp With an elevation by 23% the fractions 
0 21 to 0 68 show the most obvious increase 
3 3 5 DISCUSSION 
In this graft one of the striking changes is the loss of glycogen A decrease in 
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glycogen is observed after starvation, after feeding wi th 3-methyl-4-dimethyl-
ammobenzene (Porter and Brum 1959), after administration of adrenalin, and 
during shock (Jerusalem et al 1970) Starvation and a mild shock syndrome may 
be the reason for glycogen depletion in the feline auxiliary liver graft caused by a 
strangulated incisional hernia Although some proliferating connective tissue is 
noted, the graft appears not to be altered immunologically, indicating the efficiency 
of the immunosuppressive therapy This is also indicated by the presence of a well 
preserved lining endothelium Wheter the lack of mitotic figures is a result of the 
action of the immunosuppressive drugs or, is caused by the protracted, mild state 
of shock is an open question The low number of Sudan black positive droplets 
argues against a general intoxication An insufficient functional handicap may 
also be taken into consideration, since the recipient's liver appears to be less 
changed than the graft as judged from histochemical reactions 
Differences in the intensity of enzyme activity between the graft and the recipient's 
liver appear to be only partly the result of the different blood supply The graft, 
supplied with portal venous blood shows only a partial loss of ATPase activity 
m the centnlobular region However the ATPase activity disappears completely 
in this region m the host liver Alk Pase appears to be a highly sensitive enzyme 
in the cat liver In the recipient's liver, which is supplied with arterial blood only 
and has a 'surgical' cholestasis, this enzyme is not demonstrable In the graft the 
periportal canalicular reaction is distinctly positive, and the sinusoidal activity is 
strongly increased The activity of the lysosomal enzyme ac Pase appears to be 
independent of the blood supply The increase m activity may be due to crmophagy 
of bile substances and to digestion of substances deriving from the circulating 
blood 
Surprisingly, the SDH activity is somewhat lower m the host liver only, but normal 
m the graft, corresponding with the good state of preservation of the mitochondria 
This finding argues against a severe shock syndrome, possibly caused by the 
incarcerated hernia The activity of the iCDH increases m both, the graft (portal 
venous inflow) and the recipient's liver (arterial inf low only) Obviously, in the 
cat the portal venous blood contains a sufficient amount of oxygen to maintain 
the aerobic metabolism involving the SDH and iCDH However, the anaerobic 
metabolism appears to increase, too, as indicated by the increase in LDH activity 
of both livers In the absence of comparable findings in the literature the discussion 
on this observations must be speculative Under normal conditions the hydrogen 
ion derived from the reduced NADH is transferred mainly to the respiratory chain 
by NADH tetrazolium reductase Histochemically, LDH is only demonstrable m 
the presence of excess tetrazolium reductases Hence m the graft these reductases, 
at least, are apparently not impaired 
In contrast to the Wistar rat homograft, the activity of the AAT is increased 8 days 
after transplantation AAT is a central enzyme in the ammo acid metabolism It 
partilipates m the tricarboxylic acid cycle, carbohydrate metabolism etc It can be 
concluded from the increased activity of this enzyme that the feline liver allograft is 
somewhat overcharged with the approprate compounds during the first post-
transplantation period and the widened RER may indicate an anabolic state 
Glucose-6-Pase is lower not only m the recipient's liver, but also m the graft, which 
may be an expression of the decrease in glycogen content 
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Summarizing it can be stated that the enzymes studied m the feline auxiliary liver 
reflect a satisfactory functional state of the liver allograft 
3 4 C A N I N E A U X I L I A R Y L IVER T R A N S P L A N T A T I O N 
3 4 1 POSTOPERATIVE COURSE 
Most transplantations were designed as acute experiments to study both the 
influence of operating procedures on the hemodynamics of the graft and different 
graft perfusion technics for organ preservation However, liver biopsies were also 
obtained from some chronic experiments In this series, the fate of the graft was 
found to be dependent on an appropriate functional handicap of the recipient's 
own liver Some grafts atrophied fo l lowing a period of slight hypertrophy, since, 
due to a necrosis of the common bile duct with sebsequent bile leakage m the 
host's liver, the functional conditions changed to the detriment of the graft Light 
microscopically, m most grafts the portal canals are irregularly distended and 
moderately densely infiltrated by a variety of cells In some lobules strands of 
connective tissue tend to connect several portal areas The hepatic parenchyma is 
reduced Surprisingly, the mitotic activity of the hepatocytes is distinctly higher 
than m controls This chapter deals wi th the ultrastructural histopathology of the 
first and second postoperative period 
3 4 2 SUBMICROSCOPICALAPPEARANCE OF THE CANINE AUXILIARY LIVER G RAFT 
Controls The ultrastructural appearance of normal dog liver resembles that of most 
other mammalian livers The nuclei have marked nucleoli, and the RER shows the 
familiar distribution The SER is more fragmented and consists of somewhat 
irregularly shaped profiles and/or numerous round vesicles, between which small 
glycogen aggregates are distributed Glylogen rosettes frequently accumulate m 
the outer regions of the hepatocyte The mitochondria are somewhat polymorphic, 
some, larger than the average, may contain cristalline inclusions The microbodies 
tend to cluster together and exhibit an eccentric small tubular nucleoid, and a 
single marginal plate (Hruban and Rechcigl 1969) Lysosomes and lipofuscme 
granules can be detected in the surroundings of the morphologically normal bile 
canalicuh Lipofuseme granules are also distributed throughout the whole cel l , but 
their amount differs distinctly from graft to graft The sinusoidal endothelium is 
separated from the hepatocyte only by a narrow space of Disse It lines the sinu-
soidal lumen continuously In some pensmusoidal recesses fat storing cells can be 
detected occasionally 
One hour after cold perfusion Perfusion of isolated livers in a Travenol apparatus 
causes remarkable cytopathological changes Numerous intercellular clefts are 
widened due to a breaking off of the tight junctions, and bile pigment accumulates 
m the extended space of the bile canaliculi Electron light and electron dense 
hepatocytes are prominent m the apparently less altered areas These differences m 
electron density may be caused by differences m the degree of cytoplasmic 
swelling 
The nuclei of the dark cells are normal or somewhat shrunken, in the latter the 
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chromatine is slightly condensed to clumps The RER surrounding the nucleus is 
dilated and connected by some profiles with the RER adjacent to perinuclear 
accumulations of mitochondria Complexes of dilated cisternae of RER are dis-
tributed throughout the whole cell Glycogen areas of varying sizes are localized 
in the cell The SER is more intensely fragmentated at the periphery Whereas the 
Golgi areas are swollen, the bile canaliculi are not distinctly widened Elongated 
myelin figures are quite common, and single lysosome-like bodies can be distin-
guished 
The appearance of electron light cells is mainly caused by 'white' areas m the 
hyaloplasm, by dilation of the degranulated RER and fragmentation of glycogen 
accumulations This 'moth-eaten' appearance and a 'wash-out ' effect of glycogen 
particles is suggestive of a beginning degradation. 
The sinusoids are widely opened, the lining endothelial cells strip off, become 
discontinuous and contain a variety of phagocytized material Hepatocytic micro-
villi are long and extend irregularly into the lumina The space of Disse, and specially 
the pensmusoidal recesses, are widened Macrophages, filled with numerous 
engulfed and degraded erythrocytes and with remnants of other cells are very 
frequent 
Thirty to sixty minutes after revascularization The changes already noted after 
cold perfusion are somewhat intensified during the early revascularization period 
There are 'dark' hepatocytes alternating wi th ' l ight' ones The former appear to be 
more condensed, and their cell organelles are more packed The latter have a 
swollen appearance, due to swell ing, particularly of the cell matrix Their nuclei 
are somewhat shrunken and the mitochondria are severely swollen The degranu-
lation is the RER is remarkable, m several cells it forms'fingerlike prints' of curiously 
shaped, anastomosing tubules Glycogen areas are still detectable, but m some 
cells there are white areas caused by a 'wash-out ' of glycogen, in those cells 
almost all organelles are pushed toward the periphery Bile canaliculi and Golgi 
areas m their vicinity are widened The lining endothelium is distinctly swollen 
and sometimes ruptured The space of Disse is flattened The lumina of the sinu-
soids contain numerous macrophages heavily loaded wi th phagocytized material. 
Macrophages, obviously lysed, and normal erythrocytes are closely packed 
together m some sinusoids, and there are indications for a settling of sludge in 
others 
Two days after transplantation The hepatocytes of these grafts reveal further 
distinct individual differences, e g electron light and electron dark cells There are 
also a moderate number of cells m various stages of degeneration The nuclei of 
the light cells are sharply outlined, whereas those of the dark cells show dark 
nucleoplasm, several indentations of the nuclear membrane and even a clumping 
of chromatine The difference between light and dark cells is the result of variations 
m the degree of swelling of the cell matrix, and in opacity of the mitochondrial 
matrix 
In general the mitochondria are irregularly distributed most exhibit a swollen 
matrix with a partial lost of cristae The RER is dilated m most liver cells At the 
periphery the dilated cisternae are fragmented and partially degranulated In the 
light cells areas of flattened, degranulated and anastomosing RER tubules are 
striking, suggesting a proliferation of the agranular reticulum Some dark cells 
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show marked round 'vesiculation' of dilated SER cisternae arranged in bunches-
like formations In these cells scattered helix-like formations and normal free 
polysosomes are common, and microbodies interspersed in areas of SER accumu-
lations are very prominent They are obviously increased in number, show a certain 
polar localization and tend to polymorphism Their nucleoid varies from central 
small tubular structures to eccentric or panetally localized larger and denser 
crystalline inclusions Double marginal plates are frequent The Golgi apparatus is 
dilated and contains low dense lipoprotein granules Occasional centnoles can be 
detected The bile canaliculi are widened and contain some bile pigment There is 
no obvious increase of typical dense lysosomes, but autophagic vacuoles con-
taining whorl figures and other dense flocculent substances are increased in 
number At the periphery autophagic bodies contain RER remnants and occasio-
nally dense lysosomal structures, suggestive of peroxisome degradation Many 
droplets of varying sizes with irregular lipid-like structures accumulate m numerous 
cells In degenerating cells these lipid containing vacuoles are enlarged and 
confluent Deposits of a dense amoprhous substance clump together between white 
flaky areas 
The lining endothelium is largely continuous although large gaps can be detected 
at several points The cytoplasm of the endothelial cells is distinctly swollen, 
containing several large vacuoles, fuzzy coated vesicles and flask shaped pmocy-
tosomes, remnants of mitochondria, pale nuclei and a few elements of dilated 
RER The space of Disse is only widened at the site of pensmusoidal recesses, 
but otherwise narrow In addition to a few reticulm fibres there is an amorphous, 
electron dense substance in these spaces The hepatocytes have flattened micro-
villi and exhibit an increased number of open and closed bristle coated vesicles 
Some sinusoids are filled with different types of cells, particularly Kupffer cells 
with cytoplasmic extensions, other types of macrophages, and normal and lysed 
erythrocytes A few plasma-like cells (or antibody-forming lymphocytes, resp ) 
mast cells and neutrophilic granulocytes complete the mixed cell picture Other 
sinusoids, although enlarged, contain only an amorphous substance of low 
electron density probably coagulated serum, and a few cells This points to diffe-
rences in blood f low through individual sinusoids At the periphery of the liver 
lobules fibroblast infiltrate the space of Disse, and more collagen fibres are 
mtussuscepted between the different cells 
TTwee weeks after transplantation The aspect of the graft is quite heterogeneous 
There are areas wi th apparently normal liver cells and wide open sinusoids mostly 
filled with endothelial cells, Kupffer cells, erythrocytes and granulocytes while 
other parts show histopathological changes, particularly at the periphery In these 
areas of the liver lobules some hepatocytes are flask-shaped or elongated with 
rounded edges, and appear to be 'pi led' up Liver cells are also arranged rosettes 
with a widened bile canaliculus m the centre These 'pseudo-islands', as well as 
isolated liver cells are partly or entirely surrounded by fibroblasts, macrophages, 
different types of mononuclear cells and collagenous fibres, thus causing a demar-
cation from the bulk of the other parenchymal cells The hepatocytic nuclei are 
pleomorphic, and some have deep nuclear clefts The nucleolus is well developed 
and clumps of coarse heterochromatine are scattered throughout the nucleo-
plasma 
73 
Numerous nuclei contain some simple nuclear bodies (type 1, Henry and Petts 
1969), suggesting increased nuclear activity 
The mitochondria are swollen, and their cristae ill defined Most elements of the 
RER are flattened, and widened cisternae are only distmghuishable in the periphery 
of the hepatocytes Glycogen is present m abundance Most cells have large 
accumulations of typical α-glycogen granules, which displace other cell organelles 
Bile canaliculi and Golgi stalks are somewhat di lated, but there is no noticeable 
increase of lysosomal elements m their vicinity Large, highly electron dense 
granules representing lipid inclusions are scattered throughout the cell and are 
particularly localized within glycogen areas Because of their osmiphiha it can be 
assumed that they contain highly unsaturated fatty acids 
Another characteristic feature are large vacuoles, measuring 3 to 4 μιη, within 
the glycogen accumulations In contrast to the lipid granules, these vacuoles show 
a close contact with mitochondria Centrally they consist of a stringy figure 
embedded in a lipid-like substance Monoparticulated glycogen particles, loca­
lized between imbricated filaments are also distributed m these vacuoles It 
remains unclear, whether these vacuoles are the result of poor penetration of the 
fixative, and hence the confluence of artificial cavities wi th subsequent diffusion of 
glycoge nparticles, or whether they represent early autolysosomes or young gly-
cogenosomes, resp, which fuse with saturated lipid inclusions, due to fixation 
artefacts 
There is another remarkable f inding which concerns the extrusion of cell consti­
tuents, e g glycogen particles Parts of the hepatocytic cytoplasm containing 
ribosomes and glycogen particles bulge out and are only connected by a thin stalk 
of cytoplasm with the perikaryon From both sides infiltrating cells press against 
the evagmatmg portion which may be strangled and finally loose contact with 
the hepatocyte There are also large elongated vacuoles containing exclusively 
ß-glycogen granules in the vicinity of the hepatocytes Since bleb-formations 
and obviously pediculated vesicles of similar structure extend from parenchymal 
cells between mtussuscepted projections of cells of the histiocytic-fibroblastic 
series, the isolated vacuoles are suggestive for the extrusion of glycogen filled 
sacs 
Occasionally one notes obviously young hepatocytes between the older ones They 
are mostly localized m the transitional zone between apparently normal midzonal 
liver cells and the changed lobular periphery Their nuclei are not different from 
those of the older ones but they have fewer mitochondria The RER is remarkable, 
because of the apparently anastomosing tubules which frequently show ergasto-
plasmic pockets due to 'budding' of terminal elements Concentric whorls of RER 
lamellae resembling 'fingerprints', as well as juxtanuclearly localized, fine fi lamen-
tous elements are frequently noticed Small groups of glycogen granules and 
helix-like formation of polyribosomes are dispersed between the vesicular elements 
These young cells are connected wi th the older hepatocytes by junctions, which 
are identical to close-contact-prints, due to their irregularly coiled attachment 
planes In the non-changed midzonal and centnlibular zone the sinusoids are 
lined more or less continuously by endothelium The most important deviations 
are widened pensmusoidal recesses and intercellular clefts, as well as flattened 
spaces of Disse 
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In the periportal areas and at places of round cell accumulations the lining endo­
thelium is either discontinuous or totally absent The disintegration of the sinusoidal 
structure affords cellular and non-cellular components of the circulating blood 
close contact with the hepatocytic surfaces Occasionally, the spaces between the 
hepatocytes are broken off, and microvilli extend into the developing pericellular 
canals A variety of cells accumulates in the periportal areas macrophages with 
dilated RER, Golgi areas and large lysosomal bodies, a type of electron light cell 
containing a marked nucleolonema and resembling a histiocytic fibroblast, because 
of its dense inclusions, the distribution of the RER and the few mitochondria, a 
more electron opaque cell type showing scanty RER, but numerous polyribosomes 
and without particular inclusions Several mast cells are found m direct contact 
with hepatocytes, they show some extrusions of their granular contents Neutro­
philic, polymorophonuclear granulocytes accumulate mainly m areas exhibiting 
collagenous fibres and fibroblasts 
Another cell type, not described m transplants before, was observed These cells 
have small nuclei wi th dense heterochromatme condensation below the nuclear 
membrane, thus resembling the nuclei of lymphocytes The cytoplasm contains a 
few mitochondria and some scattered RER and free polysomes, sparse lipid 
droplets and small or slender, and dense, coiled lysosome-like structures at the 
periphery However, the most striking feature are big, electron dense granules 
measuring between 0 2 and 1 0 μπι The electron opacity varies in some cells, and 
beside typical globular granules, elongated forms can be distinguished There is a 
distinct difference between occasionally observed lipid droplets and these granules 
which contain either a fine, granular, electron dense substance, or have a mottled 
appearance due to some coarser clumps All granules are bordered by a single 
membrane Most of these cells are m epitheloid arrangements, or gland like struc­
tures, but there are also single cells with filopodia sandwiched between collagen 
fibres Occasionally a case of empenpolesis is observed The cell with blunt pseudo-
podia is encased within the cytoplasm of a macrophage These cells are quite 
different from mast cells, and are probably globule leucocytes These globule 
leucocytes showd no aggression against the hepatocytes 
However, the liver parenchymal cells appear to be attacked by another type of 
infiltrating mononuclear cells These are electron light cells with numerous dense 
inclusions, and long, curling filopodia alternating with broader cytoplasmic bulges 
The light, swollen protrusions appear to twist and turn toward the liver cell 
membrane, depressing the hepatocytic cytoplasm deeply Subsequently, an ecto-
plasmic zone, sometimes filled with glycogen is pushed out between these fmger-
like projections of the attacking eels At other places we observe a vacuolization, 
including particularly of remants of cytoplasmic constituents of the outer cytoplas­
mic zone, and coalescence of adjacent bulging surface folds are observed m other 
areas Between the folds, which might indicate an undulating activity of the hepa­
tocytic ectoplasm, and frequently in vacuoles there is an irregular dense amorphous 
substance, sometimes revealing a fine filamentous structure Some reticulm fibres 
and extracellular vesicles, filled with glycogen granules can also be observed 
between the numerous cytoplasmic projections of the different cells Another type 
of close contact is found m a kind of penpolesis of small mononuclear cells 
by hepatocytes The nuclear structure, the small cytoplasmic rim with some 
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juxtanuclearly localized mitochondria, and the scanty scattered polyribosomes 
characterize this cell as one of the lymphocytic line 
The intercellular cleft between lymphocytic and hepatocytic plasmalemmas is 
quite regularly charged wi th a band of an amorphous substance 
3 4 3 H I S T O C H E M I S T R Y O F T H E G R A F T A N D THE R E C I P I E N T S L IVER 
Graft 
Alkaline phosphatase 
In controls, blood vessels and the epithelium of bile ducts are highly active The 
activity of bile canaliculi is high in the lobular periphery, weaker in the midzonal 
region, and low in the centnlobular area Sinusoidal activity is mostly restricted to 
the lobular periphery 
One hour after cold perfusion, the sinusoidal activity is found to be somewhat 
decreased There is no recovery, but a further decrease in Alk Pase activity during 
the subsequent revascularization period Furthermore, precipitates continuously 
outlining the sinusoidal surface before, are now irregularly distributed 
One to four days after transplantation, the portal areas are irregularly distended 
Buds of proliferating connective tissue impress shallow or deep coves into the 
hepatic parenchyma Blood vessels and the epithelium of small bile ducts react 
wi th variable intensity Surprisingly, the large bile ducts lack any alk Pase activity 
Some cellular elements infiltrating the areolar tissue react highly positive In the 
lobular periphery the bile canaliculi are branched, have a somewhat knobby 
appearance, and interconnect to form a hexagonal network wi th smooth margins 
Groups of hepatocytes with high canalicular activity alternate with those of low 
activity The activity of bile canaliculi m the centnlobular region is low Alkaline 
Pase activity of the sinusoids is strong, but somewhat irregular in the lobular 
periphery and m the midzonal region and weak m the centnlobular area In general, 
alk Pase is distinctly more active m the graft than in controls during this period 
Three weeks after transplantation the lobular architecture is severely altered due to 
an irregular enlargement of the portal canals and proliferating strands of connective 
tissue These areas are densely infiltrated by various cellular elements, of which 
only the few scattered polymorphonuclear leucocytes react positively for alk Pase 
Most cells are accumulated near blood vessels Knobby precipitates of the reaction 
product, arranged like asterisks reveal a multiple branching of bile canaliculi The 
sinusoidal activity is high throughout the whole lobule The total alk Pase activity 
of the graft is distinctly higher than that of controls 
Succinate dehydrogenase 
The portal canals m controls stain weakly SDH activity is very strong m the peri-
portal area and decreases gradually towards the centnlobular region. 
During the perfusion period4he SDH activity decreases, particularly m the midzonal 
and centnlobular areas and during the first hour after revascularization also m the 
lobular periphery The reaction product is coarser than m controls 
During the early first post-transplantation period the portal supporting connective 
tissue stains weakly Whereas the small bile ductules react very intensely, the large 
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ones lack SDH activity Some disintegration of the hepatocytic trabecular architec 
ture can be noticed at the lobular periphery The liver cells are highly active m the 
periportal areas, but show low activity in the centnlobular region Most hepatocytes 
contain numerous unstained vacuoles The total SDH activity of the graft is some-
what lower than that of controls 
SDH activity is increased m the individual hepatocytes of the lobular periphery 
during the early second post-transplantation period However, since the number 
of viable hepatocytes decreases in this area, and the mid-zonal and pericentral 
regions react negatively, the total activity is lower than in controls Non-hepatic 
cellular elements accumulating within the sinusoids show no SDH activity 
Lactate dehydrogenase 
In the normal dog liver the bile ducts show high LDH activity, m contrast to the 
rat liver The blood vessels particularly the small arteries, react also strongly 
positive The distribution of hepatocytic LDH activity is inverse to that of SDH, 
it increases from the lobular periphery to the central zones 
The most obvious change after perfusion is the remarkable drop in midzonal and 
centnlobular LDH activity However, enzyme activity reverts to nearly normal 
levels one hour after revascularization 
One to four days after transplantation the blood vessels react very strongly within 
the weakly stained areolar tissue of the portal canal Reaction products accumulate 
m the apical region of bile ducts In contrast to controls, the large bile ducts also 
show distinct LDH activity Since the fibrous tissue is inactive, some groups of 
strongly reacting hepatocytes, separated by connective tissue from their lobular 
connection, can easily be detected within the enlarged portal canals The 'zonal' 
distribution is superseded by a more or less uniform, strong LDH activity of all 
hepatic zones Most hepatocytes show vacuoles void of the reaction product 
Three weeks after transplantation the sinusoids are somewhat more widened but 
the pattern of LDH distribution has not changed essentially, enzyme activity is 
uniformly high in all zones of the hepatic lobule Although numerous hepatocytes 
of the lobular periphery show severe vacuolization and the number of viable hepa-
tocytes is obviously decreased, the total LDH is higher than m controls during the 
whole post-transplantation period 
Glucose-6-phosphatase 
In control livers the portal radicles are unstained G-6-Pase activity is high in the 
lobular periphery, as shown by numerous coarse granular precipitates The activity 
decreases towards the centnlobular region, and the reaction product becomes 
finely granulated 
Surprisingly, one hour after cold perfusion the lobular periphery shows identical, 
the other zones decreased G-6-Pase activity Therefore, the zonal distribution is 
distinctly accentuated After revascularization a slight overall decrease is noticed, 
resulting m a G-6-Pase activity apparently as high as m controls in the lobular 
periphery, but lower m the centnlobular region 
During the early first post-transplantation period the areolar tissue of the portal 
tracts reacts negatively The reaction pattern of the parenchyma is quite similar to 
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that of controls G-6-Pase is high m the lobular periphery and decreases gradually 
towards the centnlobular area 
The same reaction pattern is maintained also during the second post transplanta-
tion period However, due to an increasing loss of viable hepatocytes, the total 
activity appears to be decreased compared to controls 
Addendum 
In recent studies the fol lowing reactions are carried out additionally on biopsies 
deriving from canine liver grafts of the second post-transplantation period 
Aspartate aminotransferase 
In the normal dog liver this enzyme shows a distinct zonal distribution The 
periportal area only is highly active The activity of the centnlobular region is 
negligible 
About three weeks after transplantation the pattern of AAT distribution does not 
differ essentially from the normal picture However, in those hepatocytes forming 
the peripheral regions of the pleomorphic liver lobule the activity appears to be 
somewhat increased The reaction product consists of coarse granules which tend 
to clump together In the other zones of the lobules some irregularly distributed 
groups of liver cells react negatively The connective tissue of the enlarged portal 
canals is unstained 
Naphthol AS-D esterase 
As the normal rat liver, in the normal liver of dogs this esterase is less active in the 
periportal areas The midzonal activity is lower, and the centnlobular zone reacts 
stronger 
During the early second post-transplantation period, the activity of this esterase is 
regularly decreased and lower than m controls Some macrophages scattered 
throughout the sinusoids and portal connective tissue are loaded with pigment and 
react very strongly 
ß-Hydroxybutyrate dehydrogenase 
In the control dog liver maximum enzyme activity is found in the periphery of the 
liver lobule This is again in contrast to the distribution in the normal rat liver 
The activity is considerably decreased during the second post-transplantation 
period It is mainly maintained by some groups of peripheral hepatocytes alternating 
wi th those of low activity The decrease m ß-HBDH is more distinct than that of 
either SDH or LDH 
Sudan black(B)staining 
In control livers most structures are very weakly stained, except for some Kupffer 
cells m sinusoids of the lobular periphery 
Three weeks after transplantation numerous phagocytizmg, positively stained cells 
are present in the enlarged portal areolar tissue A positive reaction is also observed 
m several infiltrating cells immediately adjacent to the blood vessels In atrophying 
centnlobular areas those hepatocytes containing bile pigment are strongly stained 
wi th Sudan black(B) 
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Recipient's liver 
Three weeks after transplantation the micro-architecture of the recipient's liver is 
not as severely altered as that of the rat or the cat The hepatic lobules appear not 
to be decreased m size, and proliferation of portal connective tissue is less intense 
During this period the vessels of the portal triad show low alk Pase activity How-
ever the epithelium of bile ducts reacts strongly The bile canaliculi react more or 
less uniformly intense throughout the whole lobule They are widely branched and 
frequently show 'fluffy' formations The total alk Pase activity is higher than m 
controls, but lower than in the graft SDH activity is higher than in controls in both 
the periportal and in the midzonal region, but appears to be unchanged m the 
centnlobular area The reaction product is coarse m some hepatocytes, finely 
granulated m others, and usually localized at the periphery of the cytoplasm 
The activity of the LDH to be increased, too, compared to controls This particularly 
holds true for the lobular periphery and the centnlobular region However, the 
distribution has become more irregular, since focal areas vary in LDH activity 
G-6-Pase is highly active m the lobular periphery, less intense m the midzonal 
region, and decreases sharply towards the central vein There are only minor 
differences between recipient's livers and controls 
Since AAT activity is very high m the lobular periphery and distinctly high m the 
midzonal area, the total activity exceeds that of controls The reaction product is 
mostly coarsely granular The centnlobular region reacts negatively 
The most intense Naphthol As- D esterase activity is noticed m the lobular periphery 
Centripetally it decreases and vanishes m the centnlobular area However, the 
centnlobular sinusoids contain numerous pigment containing macrophages show-
ing enzyme activity The total activity appears to be lower than m controls 
The activity of ß-HBDH is lower than m controls and the distribution pattern is 
somewhat more uniform The centnlobular zone remains the less active one 
The distribution of Sudan black(B) positive cells resembles that of the graft three 
weeks after transplantation The blood vessels of the portal canal contain numerous 
positively staining macrophages Some Kupffer cells can be distinguished m the 
midzonal region using this reaction The largest number of positively reacting 
macrophages is present m the widened centnlobular sinusoids Most of these 
phagocytizmg cells contain bile pigment 
3 4 4 SOME REMARKS ON CYTOC H E M I CAL С H AN G ES OF 5 NUCLEOTIDASE 
ACTIVITY DURING COLD PERFUSION AN DA FT ER REVASCULARIZATION 
5-Nucleotidase 
Control 
For the examination of changes in activity of this membrane bound enzyme it 
should be taken into account that the distribution of the 5-nucleotidase (5-Nase) 
appears to be species specific While in rats the whole surface of the hepatocytes 
and particularly the bile canaliculi show a marked 5-Nase activity, m dogs only 
the free border of the liver cells adjoining the space of Disse and the bile canaliculi 
are active In the inner hepatocytic clefts, however, only sparcely dense reaction 
79 
products can be demonstrated and the reaction does not become more intense 
even after a prolonged incubation period (up to 90 minutes) Furthermore the 
activity on the microvilli of the bile canaliculi appears to be unequally distributed, 
since there are mostly dispersed flaky precipitations Along the sinusoids all hepa-
tocytes show a distinct activity In endothelial cells 5-Nase activity is less active 
adjoining the space of Disse than at the surface which borders the sinusoidal 
lumen 
After perfusion 
Although on the particular microvilli of the bile canaliculi the 5-Nase activity is as 
intense as m controls, the impression of a decrease m canalicular enzyme content 
arises, because the bile canaliculi are markedly widened The intercellular clefts are 
completely devoid of precipitation The outlines of the large, irregular vacuolesl 
which develop during perfusion and which sometimes displace the nuclei, are also 
devoid of any 5-Nase activity The most dramatic feature is the total loss of enzyme 
activity of the hepatocytic microvilli m the space of Disse, and at the parietal and 
luminal sides of the sinusoidal endothelium Even Kupffer cells do not show any 
precipitation 
Immediately after revascularization 
The bile canaliculi appear to be somewhat collapsed, but they show unchanged 
enzyme activity The return to a normal hepatocytic 5-Nase distribution is indicated 
by both the precipitations detectable here and there m the mterhepatocytic cleftst, 
and dense accumulations of precipitation granules on and between the microvilli 
of the space of Disse The lining endothelium, too, returns to normal 5-Nase activi­
ty 
3 4 5 CLINICALCHEMISTRY 
Serum enzymes during the first and second post-transplantation period 
Alkaline phosphatase activity is as low as m controls immediately and 30 mm after 
revascularization, as well as one day after transplantation A sudden increase is 
observed between the 7th and 9th post-transplantation day The activity remains 
high during the subsequent week 
The activity of the G О Γ is about twice that of normal controls on day 7, however, 
it decreases to subnormal levels on day 14 
Maximum of G Ρ Τ is found on day 7 During the second week after transplan­
tation the activity decreases distinctly, but is about three times that of normal 
controls 
The activity of the LAP. increases moderately during the first week and remains 
at this level also during the second post-transplantation week 
A distinct increase of L D Η activity is observed during cold perfusion The activity 
remains high during the first 24 hours and decreases slowly thereafter Between 
the 9th and the 16th day after transplantation the activity of L D Η is about that of 
controls 
No significant changes were observed m the post-transplantation levels of Cholines­
terase activity 
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Serum protein electrophoresis 
Results of our studies on normal dog serum are m accordance wi th those reported 
m the literature (Van Stewart and Longwell 1969. McKelvie 1970) The albumin 
fraction is about 50%. The percentages for alpha-1 and alpha-2 globulin are 
5% and 11 %, resp , beta-1 and beta-2 globulin are about 13% each, and 7% are 
measured for gamma globulin 
Seven days and 14 days after transplantation the alpha-1 globulin fraction is 
decreased The alpha-2 globulin fraction is distinctly increased after 7 days and 
becomes still greater after 14 days The other fractions show no remarkable changes, 
only the gamma globulin appears to be decreased on day 7 
Using disc electrophoresis, a marked fluctuation of various components can be 
demonstrated Immediately after revascularization fewer zones are demonstrable, 
particularly m the region of the haptoglobulms, but 30 mm after revascularization 
most zones are re-established Seven days after transplantation the fractions 
number (relative migration rate) 1 00 (reference marker transferin) 1 17, 1 32 and 
2 75 are elevated In addition to these fractions, the bands number 1 5 1 , 1 71 and 
1 98 are increased, whereas number 2 26 is found to be depressed on the 12th day 
Sixteen days after transplantation the situation is as follows The fractions number 
1 1 7 and 1 31 show a further increase, the fractions 1 51 , 1 7 1 , 1 98 and 2 26 are 
as high as on day 12 , however, the fraction 1.00 shows a distinct decrease, but is 
still higher than normal, and the band number 2 75 is absent 
3 4 6 DISCUSSION 
A variety of events is reflected m the ultrastructural picture of the canine liver allo-
graft three weeks after transplantation The sudden increase m serum alk Pase 
activity after the first post-transplantation week appears to be the result of necrosis 
of the common bile duct of the recipient's liver Subsequently, alk Pase secreted 
together with the bile may be resorbed from the peritoneal cavity The ability to 
eliminate the bile results m a decrease of hepatocellular changes, previously caused 
by the 'surgical' cholestasis, which on the other hand leads to a drop in serum 
GOT and GPT activity However, this bile leakage turns the functional balance in 
favour of the recipient's liver, and gives rise to a certain atrophy of hepatic paren-
chyma in the graft Hence, the conditions of functional competition in the dog liver 
appear to be the same as were found for the rat liver (Hess et al 1971 ) This 
atrophy of the graft occurs during the first phase of rapid compensatory hyper-
trophy of the recipient's liver The result is an ultrastructural picture consisting of 
a motley row of young, apparently normal, as well as atrophying hepatocytes Bleb 
formations, pedunculated vesicles and the extrusion of cell contents as a probable 
result of parenchymal atrophy present a striking appearance 
However, in the individual case it is not always clear whether the atrophy is caused 
by functional competition with the host liver, or is due to rejection phenomena 
The latter is indicated by the occurrence of ' l ight ' infiltrating cells Occasionally, 
interlocking finger-like cytoplasmic extensions of these cells are insinuated be 
tween the hepatocytes, and even penetrate the hepatocytic cytoplasm Obviously, 
in this case the immunosuppressive therapy was insufficient The 'penpolesis' 
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of typical lymphocytes by hepatocytes is remarkably However, even in these cases, 
immune cytolytic damage of the parenchymal cell is absent 
Globule leucocytes are another cell type not described in transplants before The 
globule leucocyte appears to be a lymphocytic cell occurring exclusively m mucous 
membranes and most typically, within the intercellular spaces of the epithelium 
itself (Kent 1966) Since they appear to be more frequent m parasitized animals 
(Whur 1966), their occurrence in this particular canine liver allograft may be the 
result of a parasitic infection of the biliary system, rather than a rejection pheno-
menon 
Although the graft is provided wi th arterial inf low only, merely the sinusoidal 
ATPase activity is somewhat higher than in the Wistar rat homograft. The activity 
of SDH decreases, which was to be expected from the 'cloudy' swollen mitochon-
dria, whi le LDH activity increases Hence, either an exclusively arterial inf low is 
insufficient to sustain the hepatocytic functions optimally, or the graft may be 
exposed to toxic processes The latter assumption appears the more likely, since 
in the recipient's liver the SDH increases, although it is also supplied with arterial 
inf low only In both livers the activity of the ß-HBDH decreases, resulting m a 
decrease of oxydation of fatty acids and of fat synthesis During decreased bio-
syntheses the activity of the NADP dependent iCDH also decreases, but that of the 
NAD dependent iCDH increases 
Under normal conditions the a-ketoglutarate deriving from the redox system 
isocitrate/ketoglutarate is partly used for the synthesis of ammo acids and partly 
for the tricarboxylic acid cycle Apparently, m both livers the ammo acid synthesis 
is lower, due to a decrease m hydrogen as a result of decreased NADP dependent 
iCDH In this way more substrate for SDH is available, which might result in higher 
activity of this enzyme This appears to hold true for the recipient's liver, but not 
for the graft Obviously, only in the graft is SDH activity additionally impaired by 
toxic events 
The slight decrease m G-6-Pase is probably explained by a decrease in glycogen 
content The reader is reminded of the fact that pediculated vesicles, deriving from 
atrophying hepatocytes, contain mostly glycogen 
3 5 P O R C I N E A U X I L I A R Y LI VER T R A N S P I A N T A T I Ο N 
3 5 1 P O S T O P E R A T I V E C O U R S E 
Most porcine auxiliary liver transplantations were designed as acute experiments, 
as described for dogs ( 3 4 1 ) In some chronic experiments the fate of the graft 
could be studied during the first and second post-transplantation period The 
animals died of extrahepatic episodes, rather than of graft rejection or functional 
deterioration of the transplanted liver 
Biopsies taken from one graft 8 days after transplantation revealed a segmentally 
developing cholangiolitis and numerous mitotically dividing hepatocytes Although 
the animal was continuously treated with antibiotics, it lapsed into poor condit ion 
and was sacrificed 16 days after transplantation At autopsy, rounded edges and 
a smooth, transparent fibrous capsule of the liver graft indicated a slight hyper­
trophy of the transplant Light microscopic investigations revealed segmentally 
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distributed, small liver abscesses and an irregular, dense infiltration of the some-
what distended portal tracts and the perilobular connective tissue Mitotic figures 
of hepatocytes were distinctly more numerous than m controls Samples from less 
morphologically altered areas were selected for electron microscopical and histo-
chemical investigations 
3 5 2 S U B M I C R O S C O P I C A L A P P E A R A N C E O F T H E P O R C I N E A U X I L I A R Y L IVER G R A F T 
The ultrastructural picture of hepatocytes m control livers in general resembles that 
of other mammalian livers There are no differences m nuclei, mitochondria or the 
distribution of glycogen rosettes within the SER The RER is arranged m parallel 
arrays of cisternal elements but usually the stalks are shorter than in rat liver Our 
material contains numerous clustering microbodies which show both small nu-
cleoids and marginal plates The bile canahculi and their surrounding lysosomes 
show the familiar arrangement There are no hpofuscm granules Occasionally large 
cavities are noted in the cytoplasm of the hepatocytes The endothelium lines the 
sinusoids continuously The space of Disse is narrow and contains fewer and shor-
ter hepatocytic microvilli than in rats or dogs, resp Kupffer cells bulge into the 
sinusoidal lumen which mainly contains erythrocytes Numerous bundles of col-
lagenous fibres accumulate at the periphery of the lobules They present the sub-
microscopic equivalent of the familiar fibrous interlobular septa of the pig liver 
After cold perfusion The observed changes of hepatocytes resemble in general 
those described m dogs (3 4 2 ) Furthermore the large cavities are increased in 
number and size and confluent to large cisternae, which may even indent the 
nucleus The extend of arcadmg and swelling of the sinusoidal endothelium de-
pends on the duration of cold perfusion 
Second period after transplantation The aspect of the graft is heterogeneous, due 
to a certain disarray of lobular architecture and to the occurrence of both, different 
types of hepatocytes and infiltrating cells Most liver cell nuclei appear normal, 
some contain well developed nuclei, but others occasionally lipid inclusions 
In one type of hepatocytes glycogen particles are accumulated to large areas The 
RER is flattened and sparcely distributed, some stalks studded with ribosomes, 
contribute to the formation of RER 'vesicles' by 'circumflexion' (Spycher and 
Gitzelmann 1971) 
The SER tend to vesiculate at the periphery In most cases, however, it is masked 
by fragments of glycogen areas The mitochondria are electron dense and their 
cnstae illdefmed or 'half ring-shaped' Some mitochondria are obviously damaged 
and contain myelin bodies or are enclosed in autophagic vacuoles The bile cana-
hculi are hardly detectable, since they appear to be collapsed, and the adjacent 
hepatocytes show ample mterdigitations Whereas there appears to be no change 
in the number of surrounding lysosomes, microbodies appear to be less frequent 
than in controls The Golgi areas are flattened and exhibit bundles of filaments with 
some microtubules m their vicinity Small autophagic vacuoles and some glyco-
genosomes are distributed arbitrary throughout the cytoplasm A conspicuous 
feature are irregularly arranged, dissociated myelin figures, which appear to be not 
yet condensed Some are tightly curled up, others are loosely configurated but show 
dense filamentous coils embedded m an amorphous substance Occasionally, con-
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tact wi th autophagic vacuoles can be demonstrated These structures are suggestive 
of bile substances Large vacuoles containing remnants of cytoplasmic compo-
nents and dissociated myelin figures are scattered throughout the hepatocytes 
A second type of hepatocytes resembles young hepatocytes (Bischoff et al 
1969) In these cells glycogen particles are regularly distributed throughout the 
cytoplasm showing less tendency to accumulate m certain areas The RER is more 
abundant than m the first type The RER cisternae are flattened and provided wi th 
irregularly studded ribosomes The distribution of numerous, single, dispersed 
stalks of RER is conspicuous They appear as thin loops, and tend to form large 
'ergastoplasmic pockets' by 'circumflexion' and 'budding' Numerous clusters and 
helix-like figures of non-membrane bound ribosomes are present Fragmentation 
m numerous vesicles of the SER can be clearly demonstrated, since the SER is not 
masked by dense accumulations of glycogen particles Most mitochondria are 
'cloudy' swollen and exhibit only few cristae The bile canaliculi are modestly 
developed, and lysosomes and autophagic vacuoles are absent m their surroun-
dings These liver cells exhibit neither condensed filamentous material nor large 
lacunae with their heterogenous content, m contrast to the first hepatocytic type 
The familiar sinusoidal architecture is hardly detectable Lymphoid cells, electron 
light mononuclear cells, Kupffer cells and other macrophages accumulate m the 
sinusoid which mostly lack the lining endothelium Cytoplasmic extensions of 
various size and shape interdigitale intensely It is difficult to unravel these 
'Gordian knot'-l ike interlacing of cell membranes 
In the lobular periphery bundles of proliferating collagenous fibres with accom-
panying fibroblasts are intussuscepted between liver cell trabeculae separating 
groups of hepatocytes Other infiltrating cells exhibit markedly dilated RER, nu -
merous polysomes and a few mitochondria m juxtanuclear position Since the 
cytoplasm also contains a variable number of dense granules which are either 
round or slightly irregular m profile, these cells may belong to the histiocytic-
monocytic series 
3 5 3 H I S T O C H E M I S T R Y O F T H E G R A F T A N D T H E R E C I P I E N T S LIVER 
Routinely, biopsies are taken at the end of the perfusion period, immediately 
( 3 -5 mm), about 30 -45 mm after revascularization and after 16 days 
Graft 
M g 2 -Adenosine Triphosphatase 
In control livers the tubes of the hepatic triad stain strongly Bile canaliculi of the 
lobular periphery are long and rather branched Very often they form a regular net-
work with smooth margins Although bile canaliculi of the centnlobular area are 
shorter and less branched, their ATPase activity does not differ essentially from 
that of the peripheral zone Sinusoidal activity is high m the midzonal region and 
weaker m the centnlobular region 
After cold perfusion the sinusoids are dilated and ATPase is slightly decreased in 
all lobular areas No recovery of ATPase activity is noticed 30 mm after revasculari-
zation The reaction product covers fewer branches of the bile canaliculi, which 
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results in an interruption of the regular network around peripheral hepatocytes In 
the centnlobular area the bile canaliculi have the appearance of short loops 
Sixteen days after transplantation the graft presents the appearance of an early 
portal cirrhosis The portal canals are larger, and the lobuli smaller The adventitia 
of bile ducts and the dilated blood vessels react strongly The bile canaliculi of the 
lobular periphery have dotted outlines produced by the reaction precipitate 
Towards the centnlobular region the bile canaliculi form the familiar, strongly reac-
ting regular network The more centrally localized the more dilated they are showing 
thick dotted precipitates corresponding to plugs of inspissated bile Sinusoidal 
activity increases, too, towards the centnlobular area The total ATPase activity is 
higher than m control livers 
Alkaline phosphatase 
In controls bile canaliculi are only demonstrable m the periportal areas with this 
reaction They are long, slender and show some branching 
During cold perfusion canalicular alk Pase activity increases m the lobular periphery 
and becomes distinct m the midzonal region The bile canaliculi appear to be more 
branched Immediately after revascularization alk Pase activity is as strong as after 
perfusion, and the bile canaliculi form a regular network with knobby precipitates 
A half hour after revascularization the reaction product covers branches of bile 
canaliculi m thick granules also around hepatocytes adjacent to the centnlobular 
region 
Sixteen days after transplantation the tubes of the portal triad and the infiltrating 
cellular elements react positively, whereas the connective tissue proper of the 
enlarged portal canals does not show precipitates Most hepatocytes contain bile 
pigment The bile canaliculi show only short, non anastomizmg branches They 
are covered with coarsely granulated precipitates of the reaction product Although 
the sinusoidal activity is less intense, the total alk Pase activity is higher than in 
controls, but less intense than m the recipient's liver 
Acid phosphatase 
In controls the portal stroma contains some strongly reacting cells In the paren-
chymal cells of the lobular periphery ac Pase is most active at the penbiliary site 
Towards the centnlobular region lysosomal activity decreases Midzonal sinusoids 
contain strongly reacting Kupffer cells 
This appearance does not change essentially during cold perfusion, immediately 
and 30 mm after revascularization 
Sixteen days after transplantation the enlarged portal areas are densely infiltrated 
with macrophages showing high lysosomal activity In all zones of the hepatic 
lobules the liver cells show high lysosomal activity which is regularly distributed 
throughout the cytoplasm The intracellular bile pigment reacts also very strongly 
The lysosomal activity is more intense m the graft than in the recipient's liver and/or 
m controls 
Succinate dehydrogenase 
In controls the distribution of this enzyme resembles that of normal rat livers SDH 
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is high m the lobular periphery and decreases towards the centnlobular region 
After cold perfusion and after revascularization (345 mm and 30 mm) the sinusoids 
are dilated, the SDH activity is slightly decreased, and the reaction product is 
somewhat more coarse 
Sixteen days after transplantation this enzyme reaction clearly reveals the pleo-
morphic hepatic lobules of decreased diameter, and the disarray of the micro-
architecture SDH activity is irregularly distributed, most hepatocytes reveal low 
activity, however, some cells wi th high activity are scattered particularly throughout 
the peripheral zones The reaction product is rather coarsely granulated This 
appearance is suggestive of a general atrophy 
Lactate dehydrogenase 
In controls the blood vessels and the connective tissue of the portal canal are 
moderately active The epithelium of the bile ducts contains distinct reaction pro-
ducts m an apical position Although the activity of the LDH is more or less uni-
formly distributed throughout the hepatic lobule the lobular periphery tends to 
react somewhat more strongly in most controls 
During the perfusion period LDH activity shows an overall decrease The reaction 
product is coarser, rather than finely granulated Immediately after revascularization 
this enzyme is somewhat more active than during perfusion, and the normal reac-
t ion pattern of the hepatic triad and the parenchyma is slowly re-established about 
30 -45 mm later Within the dilated sinusoids numerous cells can be observed 
showing a weakly positive reaction Obviously, these cells are not polymorpho-
nuclear granulocytes, since they react negatively for alk Pase 
Sixteen days after transplantation the distribution and the intensity of LDH activity 
of the hepatic parenchyma is quite similar to that of SDH In general the activity is 
lower than that of controls 
Glucose-6-phosphatase 
In controls the activity of this enzyme is very high m the lobular periphery, where 
the hepatocytes exhibit coarse deposits of the reaction product It gradually 
decreases towards the centnlobular area and shows minimum activity m hepato-
cytes adjacent to the central vein The more centrally located the hepatocytes, the 
more finely granulated and sparcely distributed the reaction product Beyond 
granules, all hepatocytes exhibit a weak, diffusely staining cytoplasm The tubes 
of the hepatic triad react negatively 
After cold perfusion, and immediately after revascularization the enzyme reacts 
less intense, particularly m the centnlobular region The diffuse staining of the 
hepatocytic cytoplasm is absent and void vacuoles of different sizes can be noted 
Thirty mm after revascularization the re-establishment of the diffuse cytoplasmic 
reaction can be observed, however, the overall G-6-Pase activity remains distinctly 
lower than m controls 
Sixteen days after transplantation a severe disturbance is indicated by the very low 
overall G-6-Pase activity, but m several highly active cells the reaction product is 
coarse and randomly distributed between pigment granules throughout the whole 
cytoplasm The total activity is distinctly lower than that of controls and of the 
recipient's liver 
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Within the recipient's liver, 16 days after insertion of a second liver, the areolar 
tissue of the portal canals is enlarged The bile canaliculi of the lobular periphery 
are weakly outlined by the ATPase reaction They are short and somewhat bran-
ched Midzonal and centnlobular bile canaliculi are longer, and their branches 
frequently have a pemcilli-like appearance The more central, the higher the sinu-
soidal activity The sinusoidal lumen contains numerous macrophages loaded with 
yellow bile pigment Bile pigment can also be distinguished m the efferent venous 
system Cells infiltrating the portal areolar tissue reveal high activity The total 
ATPase activity is less intense than m controls 
The infiltrating cells m the portal stroma and bile canaliculi of the lobular periphery 
react strongly for alk Pase They are more sharply defined than with the ATPase 
reaction, but have an appearance like 'crow's feet' The sinusoidal activity is high 
throughout the whole hepatic lobule Although the total activity is somewhat 
lower than m grafts after perfusion, it is higher than m control livers 
The mam activity of the lysosomal enzyme Ac Pase is found to be shifted from the 
lobular periphery to the centnlobular area There, the activity is pronounced and 
more intense than in controls 
The SDH activity is lower than m controls and more uniformly distributed, since 
the decrease in enzyme activity mostly occurs in the lobular periphery In general, 
the reaction product is more diffusely distributed throughout the cytoplasm Hepa-
tocytes showing more intense SDH activity alternate with less active ones 
The LDH activity is high m the periportal area The midzonal and centnlobular areas 
react conformly less intensely Mononuclear cells accumulating within the sinu-
soids show high activity There are almost no differences m LDH activity between 
the recipient's liver and controls 
A preferred peripheral distribution of G-6-Pase activity can also be noted in the 
recipient's liver However, the enzyme pattern is irregular, since liver cell cords 
reacting more intensely alternate wi th those of low enzyme activity The reaction 
product is almost absent m the centnlobular region, thus, the overall G-6-Pase 
activity is distinctly lower than m controls 
3 5 4 DISCUSSION 
The heterogeneous ultrastructural appearance can be understood as due to the 
loss of parenchymal mass, consequent on multiple focal liver abscesses (see 3 5 2 ) , 
to slight rejection, and to cholestasis caused by cholangiolitis Numerous hepato-
cytes have the appearance of young cells (Bischoff et al 1969), and are 
derived from mitotic divisons as a result of compensatory and complementary 
hypertrophy The differences m age of the hepatic parenchymal cells may be the 
reason for differences m the amount of glycogen they contain and activity of 
G-6-Pase Cholestasis leads to an accumulation of bile pigment wi th in the hepa-
tocytes Incompletely condensed myelin figures and the increased number of 
autophagic vacuoles may be side effects of the retention of bile substances 
(David 1967) This may be the reason for the enormously increased activity of the 
ac Pase Surprisingly, the hepatocellular changes appear to be more distinct than 
m the recipient's liver of Wistar rats, cats and dogs Possibly, the intrahepatic 
cholestasis, located somewhere distal of the hepatocellular ER and down to the 
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major bile ducts, influences the synthetic and energy producing areas of the 
hepatocytes to a larger extent than does the extra-hepatic ('surgical') cholestasis 
(Sherlock 1968) 
The most obvious histochemical change is the striking decrease m LDH activity, 
which points to a disturbance m the NADH tetrazolium reductase system Whether 
such a disturbance in combination with mitochondrial damage, in turn resulting m 
a decrease in SDH activity, and, incidentally a coarse reaction product, is the result 
of the noxious infections or certain rejection mechanisms, remains unclear, since 
the SDH activity m the recipient's liver decreases also However, the increased 
mitotic activity of hepatocytes indicates that despite infections, and although the 
graft is supplied with arterial blood only, a replacement of the damaged parenchyma 
is not impossible 
3 6 D E T E R M I N A T I O N OF N O N S P E C I F I C L IVER ESTERASE IN 
T H E A U X I L I A R Y L IVER G R A F T OF R A T S , C A T S , D O G S A N D P IGS 
Since it is frequently problematic to judge enzyme activity from histochemical 
preparations alone, a method of quantitative determination of non-specific liver 
esterase was recently employed for grading the function of the liver graft The 
advantage of this method is that the results can be obtained already 20 to 30 mm 
after delivery of the bioptic material Some results wil l be discussed to demonstrate 
the efficiency of this method in this chapter In the fol lowing discussion the enzyme 
activity is expressed m mg of NaOH required during 20 mm (at 37 °C) for the 
neutralization of the butyric acid which is formed through the splitting of the ester 
bond by nonspecific esterase (per 100 mg liver wet weight) 
3 6 1 WISTAR RATTO WISTARRATAUXILIARY LIVER HOMOTRANSPLANTATION 
In controls the enzyme activity, as expressed in mg NaOH, varies from 20 mg to 
40 mg, wi th a mean value of 36 5 mg During the whole post-transplantation period 
the activity of the nonspecific liver esterase was somewhat lower in the grafts than 
m controls, but within the physiological variation, except for day 7 One graft 
could be investigated 600 days after transplantation, its enzyme activity was 21 5 
mg In the recipient's liver enzyme activity was higher than m the graft during the 
first post-transplantation period, decreased steadily during the second, and was 
unmeasurable at the beginning of the third post-transplantation period 
The ratio recipient/donor enzyme activity is a standard for the adaptation of life 
sustaining functions by the graft and it expresses the decreasing activity of the 
remaining recipient's liver The values of this quotient were found to be 1 22 (2), 
1 14 (5), 0 8 (7), 0 37 (14), and 0 0 (50 and 600) (days after transplantation 
between brackets). 
PVG/C rat to Wistar rat auxiliary liver allotransplantation 
The values for the activities of nonspecific esterases m the liver of normal PVG/C 
rats are the same as m Wistar rats In the graft the activity decreases very early 
after transplantation (8 3 mg on day 1 ) and does not recover during the ensuing 
88 
days The increasingly unfavorable condition of the graft is demonstrated by the 
Q (R G) = 2 5 (day 1 ), 3 58 (day 4) , and 4 7 (day 6) 
Feline auxiliary liver allotransplantation 
In the normal cat liver the activity of nonspecific liver esterase is lower than in rats 
(14 3 mg) The activity increases slightly immediately after revascularization 
(Q Recipient Graft = 0 77) and decreases 8 days after transplantation The Q 
(R G) is high (1 38), since the condition of the recipient's liver is good (Q 
(Recipient Control) = 1 0) 
Canine auxiliary liver allotransplantation 
The activity of the donor before donor hepatectomy was 30 1 mg One hour after 
cold perfusion the activity increased slightly, but decreased somewhat about 60 
mm after revascularization On the 19th post-transplantation day the activity of the 
nonspecific liver esterase of the graft was only 3 3 mg and the Q (R G) 4 93 The 
recipient's liver maintains a higher functional capacity The animal was sacrificed, 
because it lapsed into poor condition At autopsy a leakage of the common bile 
duct of the recipient's liver, with subsequent bile peritonitis, was noted 
Porcine auxiliary liver allotransplantation 
Two cases with different postoperative courses wil l be described 
In the first case the activity of the future graft before donor hepatectomy was 
58 5 mg The activity of the nonspecific liver esterase decreased rapidly after cold 
perfusion, but recovered very quickly after revascularization However, the animal 
had to be sacrificed, due to an iatrogenic technical error 
In the second case the activity before transplantation was 65 8 m g , there were no 
changes after cold perfusion, and immediately after revascularization the activity 
had increased to 77 6 mg However, 30 mm later the activity had decreased to 
21 3 mg The animal remained m poor condition, since the graft apparently did not 
function, and was sacrificed 2 days later At that time the activity of the esterase 
was distinctly lower than m controls m both, the graft and the recipient's liver 
3 6 2 DISCUSSION 
The nonspecific liver esterase is regarded as very stable, and deviations of the 
enzyme pattern should occur only m cases of pathological or experimental condi­
tions (Bergmeyer 1962, Burstone 1962) However, ν Mayersbach and Jap (1965) 
Jap (1967) and Jerusalem et al (1970) showed distinct diurnal rythmic 
differences m esterase activity m the rat liver Therefore, a rapid decrease in enzyme 
activity, even to grossly subnormal levels, is not necessarily fatal, since enzyme 
activity can recover quickly, if the graft is m good condition, as shown in the first 
mentioned pig liver allograft However, a decrease of enzyme activity can be regar­
ded as pathological when it is observed over long periods 
Concurring with atrophy and cirrhosis, a progressive decrease m esterase activity 
is found m the recipient's liver of the Wistar rat to Wistar rat model In contrast to 
the Wistar rat liver graft, the PVG/C rat graft showed very low activity already 1 day 
after transplantation, although the PVG/C graft shows no gross alterations at this 
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time This could indicate an early inadequacy of function of the graft, due to the 
influence of heterospecific immune mechanisms from which a possible rapid onset 
of specific rejection mechanisms might be forecast The activity of the liver esterase 
m the feline liver graft was satisfactory, not surprisingly, since also morphologically 
the graft was in good condition The animal had to be sacrificed, due to a strangula-
ted incisional hernia The deterioration of the esterase function in the canine liver 
graft can be explained by a bile leakage from the common bile duct of the recipient's 
liver, which abruptly changed the functional competion m disfavor of the graft The 
submicroscopical appearance of this graft confirms this assumption (see chapter 
3 4 2 and 3 4 5) The fatal course of the second pig liver allograft mentioned could 
have been expected from the unexpectedly rapid fall in enzyme activity during the 
first 30 mm after revascularization 
Conclusions The quantitative determination of the activity of the unspecific liver 
esterase appears to allow a prognosis about the fate of the transplanted liver 
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4. General conclusions and summary 
(for detailed discussion see chapter 3.1.7., 3.2.6., 3.3.5., 3.4.6., and 3.5.4.). 
Results obtained with auxiliary liver homo- and allografts in rats, cats, dogs and 
pigs show that the transplanted liver tissue can sustain the life supporting functions 
over long periods, if the remaining own liver is sufficiently functionally handicap-
ped, as pointed out earlier by v.d. Heyde et al. (1966, 1967). 
The most satisfactory results were obtained wi th the Wistar rat to Wistar rat liver 
homotransplantation, the rats surviving for about two thirds of their life span with 
an auxiliary liver. This may be attributed in part to the fact that the Wistar rat does 
not reject the Wistar rat liver homograft. Whether the graft is tolerated (Calne et al. 
1969), or not rejected, due either to enhancing mechanisms or to minor differences 
in histo-mcompatibility, remained unknown. 
The Wistar rat auxiliary homografts increased distinctly in size, reaching a volume 
about four times that of the original transplant, although the grafts were supplied 
with portal venous blood only. 
From a comparison of the ultrastructural and histochemical appearance of the rat 
auxiliary liver homograft wi th those of the feline, canine and porcine auxiliary liver 
allografts it can be deduced that under favourable conditions the former may in 
general be successful, while the latter frequently lapsed into poor condit ion, due 
to extrahepatic episodes, rather than to a primary functional deterioration of the 
liver graft. 
Although some histochemical differences were observed between grafts supplied 
with portal venous blood only (rat, cat) and those with arterial inf low only (dog, 
pig), the functional capacities of both groups of grafts are apparently the same 
during the first and early second post-transplantation period. However, the amount 
of oxygen and of hepatotrophic metabolic precursors supplied by either the portal 
vein or the hepatic artery may differ from species to species (Sporri and Stunzi 
1969). 
The oxygen saturation of the hepatic artery is 96%, that of the portal vein 85% 
(After Sporri and Stunzi 1969). However, since the blood f low through the portal 
vein is about 4 times that through the hepatic artery, about 6 0 - 7 0 % of the total 
amount of oxygen supplied to the liver derives from the portal vein, and only 
3 0 - 4 0 % from the hepatic artery. The vascular bed of the dog liver can be presented 
as a three compartment model (Field and Andrews 1968). One is fed by arterial 
blood only, a second by portal venous blood alone, and the third by both arterial 
and portal venous blood. It remains open to question whether the slight cholestasis, 
observed in long surviving grafts provided with portal inf low only, is a result of the 
fact that the peribiliary plexus is fed by arterial blood only (Field 1970). Under 
certain f low conditions the hepatic arterial blood can reach the portal tract without 
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its traversing the normal arterial pathway due to the low resistence between the 
hepatic artery and the portal vein (Field 1970) Apparently, the liver has a large 
capacity for adaptation Child et al (1959) reported that the reversal of the venous 
circulation through the liver was not incompatible with the mam function of this 
organ 
In the auxiliary liver homo- and allografts it is often difficult to determine whether 
morphological changes are due to adaptation phenomena or represent a patholo-
gical lesion This holds particularly for 'cloudy' swollen mitochondria, fragmenta-
tion and peripheral localization of the RER, and the 'bow-t ie ' like arrangement of 
glycogen accumulations 
By combination of electron microscopical, histochemical, cytochemical, clinical 
chemical, and biochemical methods one is able to detect the true functional state 
of the auxiliary liver graft The most constantly occurring histochemical change is 
the decrease m SDH and iCDH and the increase in LDH activity Under normal 
conditions the a-ketoglutarate deriving from the redox system isocitrate/ketoglu-
tarate is partly used for the synthesis of ammo acids and partly for the tricarboxylic 
cycle and probably, in the grafts provided with either arterial or portal venous inflow 
only, the ammo acid synthesis is lower, due to the decrease in hydrogen as a con-
sequent on a drop in NADP dependent iCDH Increased activity of the LDH 
indicates increased anaerobic glycolysis In the long surviving rat liver homografts 
phospholipid synthesis appears to be normal, whereas m the canine liver allograft a 
decrease in the activity of ß-HBDH, involved m oxidation of fatty acids and of fat 
synthesis, is indicated Worth (1968) showed changes m the serum lipid profile 
m dogs after hepatic homotransplantation and concluded that mobilization of long 
chain fatty acids may be a natural mechanism to supply the liver with essential 
fatty acids for phospholipid synthesis Phospholipids m turn play an important 
role m reduction of excess fat m the liver (Asworth et al 1963) The absence of 
lipid accumulations, and the presence of low density lipoprotein granules m the 
Golgi stalks and m the space of Disse (if present) m the long surviving rat liver 
homografts may reflect intact absorption and re-estenfication of free fatty acids to 
lipoprotein triglyceride (Dole 1964), and the subsequent secretion of lipoprotein 
triglyceride into the blood plasma as low density lipoprotein granules (Jones et al 
1966, Hamilton et al 1967) 
Although changes m the ultrastructure and distribution of various enzymes m the 
hepatic auxiliary homografts can be interpreted as an adaptation phenomenon, 
results of biochemical determination of liver esterases show an overall decrease in 
the activity of these enzymes, whi le the galactose tolerance test indicates a decrease 
of the hepatic reserve capacity It can be assumed that any additional work deman-
ded from the transplanted liver may result in fatal functional deterioration 
Another impressive change m almost all grafts is the alteration of the sinusoidal 
architecture The lining endothelium is disrupted or absent Swell ing, disruption 
and exfoliation of the sinusoidal endothelium occur earlier and to a larger extent 
in acutely rejected grafts (PVG/C rat to Wistar rat), while these changes are not 
very striking m the feline liver allograft, m which immune reactions were obviously 
sufficiently suppressed by immunosuppressive agents Alterations of the space of 
Disse m human orthotopic hepatic homografts have also been reported by 
Porter (1969), Where the lining endothelium is absent all compounds of the cir-
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culating blood are allowed to come into direct contact wi th the hepatocytic 
surface, if this surface is not obscured by an electron dense, amorphous substance. 
Direct contact may result in an increased uptake of macromolecules and other 
hemocompounds by the hepatocytes, as indicated by the increased number of 
bristle coated vesicles, and an increased activity of membrane bound enzymes 
(Mg2 +-ATPase, alk. Pase). 
The various ultrastructural changes in the long surviving hepatic liver grafts 
resemble somewhat those noticed after partial hepatectomy (Fischer and Fischer 
1963, Rohr et al. 1970), and might therefore be interpreted a smorphologic expres-
sions of a functional 'over-charge'. The reason for this permanent 'over-charge' 
remains unknown, but it may be a decisive factor of the observed decrease in the 
hepatic reserve capacity. 
Similar to livers after partial or subtotal hepatectomy, auxiliary liver grafts show 
mitotic activity. A slight to moderate mitotic activity is suspect of pathological 
regeneration as a reaction to extensive destruction of the liver parenchyma. At-
tempts at pathological regeneration are usually seen in the acutely rejected liver, 
and after reduction of the hepatic parenchyma by infectious events. The intensity 
of mitotic activity was independent of the quality of the hepatic blood supply. 
Most of the ultrastructural, histo- and cytochemical alterations of hepatocytes 
observed during rejection appear to be nonspecific. This may be because hepatic 
parenchymal cells are not rejected due to ¡mmunocytolytic events, but appear to 
be starved out by a special type of 'mesenchymal' cells (Klion and Schaffner 1967). 
These 'l ight' infiltrating cells hem the hepatocytes in closely, separating them from 
each other and impairing blood-hepatocyte exchange. Due to a competition for 
nutrients, the liver cells decrease in size and atrophy. However, even when the 
condition of the liver cell is without doubt pathological, the distribution and inten-
sity of some histochemical, and particularly cytochemically, demonstrable enzymes 
need not to be degenerative (Rouiller 1970). 
A hepatocellular lesion, which might be caused by the administered immunosup-
pressive drugs, could not be noted. 
Summarizing the results it can be concluded from the post-operative course that 
auxiliary livergrafts in rats, cats, dogs and pigs, whether they are provided wi th 
portal venous or arterial inf low only, can maintain the life sustaining functions over 
long periods; although these grafts show several ultrastructural, hibto- and cyto-
chemical changes. 
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O N D E R Z O E K I N G E N OP HET G E B I E D V A N DE U LT R A S T RU KT U U R 
E N D E E N Z Y M H I S T O C H E M I E B I J A U X I LI A l R E TR A N S Ρ LA N T A T Ε Ν 
V A N R A T T E L E V E R S 
(Met enkele opmerkingen over de toepassing bij andere diersoorten) 
(Voor de gedetailleerde beschrijvingen wordt verwezen naar de hoofdstukken 
3 1 7 , 3 2 6 , 3 3 5 , 3 4 6 , 3 5 4 ) 
Resultaten verkregen met heterotope auxiliaire " homo- en allotransplantaten van 
de lever bij de rat en de kat, bij de hond en het varken, tonen aan, dat het getrans­
planteerde orgaan gedurende een lange periode zijn vitale funkties kan blijven ver­
vullen, mits de lever van de ontvanger m funktioneel opzicht m voldoende mate 
nadelig is beïnvloed (v d Heyde et al 1966, 1967) 
De beste resultaten zijn verkregen met homotransplantaties bij Wistar ratten Deze 
diertjes brachten ongeveer 2 / з van hun leven door met een auxiliaire lever Dit is 
te danken aan het feit dat een Wistar rat een lever van een andere Wistar rat met 
uitstoot Is het al of niet tolereren of uitstoten van een transplantaat te wijten aan 
bepaalde 'enhancing' mechanismen of aan verminderde histo-mcompatibiliteits-
verschillen? Dit blijft voorlopig nog een vraag 
Het auxiliaire homotransplantaat m Wistar ratten groeit beduidend en hoewel het 
alleen van portaal bloed wordt voorzien, wordt het uiteindelijk vier maal zo groot 
Vergelijkingen tussen elektronenmikroskopische- en histochemische beelden van 
deze transplantaten bij de rat en bij de kat en die bij de hond en het varken leren ons 
dat de resultaten bij de rat over het algemeen gunstiger zi jn, daarentegen geraken 
de anderen vaak of altijd ( ? ) in een slechte konditie, hetgeen meestal te wijten is 
aan extra-hepatische oorzaken en met aan een primaire dysfunktie van het trans­
plantaat zelf Ondanks het feit dat er wel verschillen zijn in het histochemische 
beeld tussen het transplantaat bij de rat en bij de kat (slechts voorzien van portaal 
bloed) en dat bij de hond en het varken (voorzien van arteneel bloed) blijkt toch, 
dat de funktionele kapaciteiten van de beide groepen dieren m de eerste en m het 
begin van de tweede periode na transplantatie ongeveer hetzelfde zijn 
De hoeveelheden zuurstof en hepatotrofe metabolieten die aangevoerd worden 
door de vena porta of de arteria hepática zijn bij de soorten onderling verschillend 
(Sporn en Stanzi 1969) 
Volgens deze onderzoekers zou de zuurstof-saturatie van het artenele bloed 96% 
en die van het portale bloed 8 5 % zijn Aangezien de portale bijdrage tot de bloed-
voorzienmg van de lever vier maal zo groot is als die van de arteria hepática, wordt 
uiteindelijk toch nog 60 tot 70% van de totale hoeveelheid zuurstof door de vena 
porta geleverd, de arterie daarentegen neemt 30 tot 40% voor haar rekening Het 
vaatbed van de lever is te beschouwen als een systeem van drie kompartimenten 
(Field en Andrews 1968) Het ene kompartiment krijgt slechts arteneel bloed, het 
* auxilium •= hulp 
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andere alleen portaal bloed, en het derde gedeelte krijgt zowel arteneel als portaal 
bloed (Field 1970) en daar oudere transplantaten bij ratten alleen portaal bloed 
krijgen, blijft de vraag of dit de oorzaak is van de geringe cholestase Daar er een 
lage resistentie is tussen de arterie en de vene, is het mogelijk, dat onder bepaalde 
omstandigheden, het artenele bloed via een andere weg het portale kanaal bereikt 
(Field 1970) De lever heeft dus vermoedelijk een groot adaptatie-vermogen 
Child en anderen (1959) beschreven dat de ommekeer van de veneuze circulatie 
door de lever met tegenstrijdig hoeft te zijn met de hoofdfunktie van dit orgaan 
In de auxiliaire homo- en allotransplantaten is het vaak moeilijk te bepalen of de 
morfologische veranderingen het gevolg zijn van een adaptatie dan wel een patho-
logische lesie Dit geldt m het bijzonder voor de 'cloudy swollen' mitochondria, de 
fragmentaties en perifere lokalisaties van het RER en de speciale ligging van glyco-
geen arealen ( 'bow-t ie') 
Kombmaties van elektronenmikroskopische, histochemische, cytochemische, kl i -
nisch chemische en biochemische methoden maakt het mogelijk de funktionele 
toestand van auxiliaire levertransplantaten te achterhalen De veranderingen die 
regelmatig voorkomen zijn de afname van iCDH en dientengevolge SDH-aktiviteit 
en verder een toename van LDH-aktiviteit 
Onder normale omstandigheden wordt het a-ketoglutaraat, dat verkregen wordt 
via het redox systeem isocitraat/ketoglutaraat gedeeltelijk gebruikt voor de synthese 
van aminozuren en deels voor de Krebs cyclus 
Vermoedelijk is de aminozuur synthese verlaagd m aansplantaten die voorzien 
worden van veneus of arteneel bloed, doordat de benodigde waterstof verlaagd 
is tengevolge van een verlaagde NADP afhankelijke iCDH De verhoogde aktiviteit 
van LDH duidt op een verhoogde anaerobe glycolyse In oudere transplantaten bij 
ratten lijkt de synthese van fosfohpiden normaal In allotransplantaten bij honden 
konstateert men een aktiviteitsdalmg van ß-HBDH, die betrokken is bij de oxydatie 
van vetzuren en bij de synthese van vetten 
Worth (1968) toonde veranderingen aan in het lipidenpatroon van het serum van 
honden met een homotransplantaat en konkludeerde dat de mobilisatie van lange 
vetzuren een natuurlijk mechanisme is om de lever te voorzien van 'essentiële' 
vetzuren, die nodig zijn voor de synthese van fosfohpiden Deze fosfohpiden spelen 
een belangrijke rol bij dereduktie van overtollig vet m de lever (Asworth etal 1963) 
De afwezigheid van akkumulaties van lipiden en de aanwezigheid van ' low 
density' lipoprotein granula m de Golgi blaasjes en m de ruimte van Disse (indien 
aanwezig) van getransplanteerde rattelevers, zou op een intakte absorptie wijzen 
De vrije vetzuren veresteren opnieuw tot lipoprotein/triglyceride komplexen 
(Dole 1964), die vervolgens m het bloed worden uitgescheiden als ' low density' 
lipoprotein (Jones et al 1966, Hamilton et al 1967) 
Hoewel de veranderingen m de ultrastruktuur en de distributie van de verschillende 
enzymen m auxiliaire homotransplantaten geïnterpreteerd kunnen worden als een 
adaptatie-verschijnsel, tonen de kwantitatieve waarden van de onspecifieke lever-
esterase een algemene daling aan 
De galactose-belastmgsproef wijst op een daling van de reservekapaciteit van de 
lever Men mag aannemen dat een extra belasting van het transplantaat resulteert 
m een slechter funktioneren van het orgaan, hetgeen een fatale afloop kan hebben 
Verder vindt in bijna alle transplantaten een duidelijke verandering plaats van de 
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sinusoidale opbouw. Het endotheel dat de sinussen bekleedt is diskontmu of 
helemaal afwezig 
Zwellen, scheuren en vervolgens desquamane van het smusendotheel vindt vroeg-
ti jdig en uitgebreid plaats in het akuut uitgestoten transplantaat (PVG/C rattelever 
in een Wistar rat) Deze veranderingen m allotransplantaten bij katten, waarbij de 
immunologische reakties voldoende onderdrukt worden door immunosupressive 
middelen, vallen echter niet bijzonder op 
Waar het bekledende endotheel afwezig is, vindt direkt kontakt plaats tussen het 
cirkulerende bloed met het vrije oppervlak van de hepatocyt, mits er geen amorfe-
elektronendichte massa aanwezig is 
Direkt kontakt kan resulteren m een verhoogde opname van makromolekulen en 
andere hemokomponenten door de hepatocyten, hetgeen wordt geïllustreerd door 
een verhoogd aantal 'bristle coated vesicles' en een verhoogde aktiviteit van 
membraan-enzymen ( M g 2 -ATPase, alk Pase) De verschillende ultrastrukturele 
veranderingen in de oudere transplantaten vertonen enige overeenkomst met die 
na partiele hepatectomie (Fisher en Fisher 1963, Rohr et al 1970) Ze zouden 
daarom geïnterpreteerd kunnen worden als het morfologische beeld van een funk 
tionele overbelasting De reden van deze permanente toestand is onbekend, maar 
zou toch een beslissende rol kunnen spelen in de waargenomen daling van de 
reservekapaciteit van de lever 
Evenals de lever na partiele of subtotale hepatectomie vertonen deze auxiliaire 
transplantaten een sterke mitotische aktiviteit 
Een zwakke tot iets sterkere mitotische aktiviteit is suspekt voor een pathologische 
regeneratie als een reaktie op de uitgebreide destruktie van het leverparenchym 
Pogingen tot pathologische regeneratie worden meestal gezien m een akuut uit-
gestoten lever en na de reduktie van het leverparenchym door een mfektieus agens 
De mate van mitotische aktiviteit is onafhankelijk van het aangevoerde bloed De 
meeste ultrastrukturele cytochemische en histochemische veranderingen m de 
hepatocyten, waargenomen tijdens de uitstoting schijnen met specifiek te zijn Het 
is mogelijk, dat de parenchymcellen van de lever met uitgestoten worden door een 
' immuno-cytolyt ische' werking, maar dat ZIJ als het ware ingekapseld worden door 
een speciaal type mesenchymale cellen (Klion en Schaffner 1967) Deze lichte 
infiltrerende cellen omsluiten de hepatocyten zeer nauw, drukken ze uit elkaar en 
verstoren de wisselwerking tussen bloed en levercel. De parenchymcellen worden 
kleiner en atrofieren tengevolge van een kompetitie om voedende bestanddelen 
Maar al lijkt de levercel pathologisch, de distributie van de histochemische en 
cytochemische aantoonbare enzymen en de reaktie-mtensiteit, behoeven met te 
duiden op een degeneratief beeld (Rouiller 1970) Hepatocellulaire lesies, die ver-
oorzaakt zouden kunnen worden door toediening van immunosupressive middelen 
konden niet duidelijk aangetoond worden 
Als men de resultaten samenvat, en afziet van het feit dat het transplantaat verschil-
lende ultrastrukturele, histochemische, klinisch chemische en biochemische ver-
anderingen vertoont, kan men uit het post-operatieve verloop konkluderen, dat het 
auxiliaire levertransplantaat bij de rat en de kat, bij de hond en het varken, haar 
vitale funkties kan blijven vervullen, onafhankelijk van de portale dan wel artenele 
bloedvoorzienmg 
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FIGURE 4 CANINE TRANSPLANTATION 
CHAPTER 3 4 5 CLINICAL CHEMISTRY, PAGE 80 
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FIGURE 5 С = CONTROL SH = SHUNT (REVASCULARIZATION) 
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FIGURE 6 DETERMINATION OF NONSPECIFIC LIVER ESTERASE 
CHAPTER 3 6 PAGE 88-90 
W/W = WISTAR RAT TO WISTAR RAT TRANSPLANTATION 
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FIGURE 7 PVG/C W = PVG/C RAT TO WISTAR RAT TRANSPLANTATION 
FELINE TRANSPLANTATION 
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FIGURE 8 CANINE TRANSPLANTATION 
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FIGURES WISTAR RAT TO WISTAR RAT TRANSPLANTATION 
CHAPTER 3 1 6 CLINICAL CHEMISTRY PAGE 44 
CHAPTER 3 1 7 DISCUSSION AD 6 PAGE 54 
CHAPTER 3 6 1 NONSPECIFIC LIVER ESTERASE PAGE 88 
G = GLOBULIN Q = RATIO RECIPIENT/DONOR ESTERASE ACTIVITY 
A = ALBUMIN 
FELINE TRANSPLANTATION CHAPTER 3 3 4 
PAGE 69 
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FIGURE 10 CANINE TRANSPLANTATION CHAPTER 34 5 
PAGE 81 DISC ELECTROPHORESIS 
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Unless otherwise stated the photographed sections are double contrasted 
wi th uranylacetate and leadcitrate (see chapter 2 2 ) 
^ - ^ ^ ^ — = 1 μιη ^ ^ ^ ^ ^ ^ ^ H = 10 μπι 
Figures illustrating chapter 3 1 2 (page 22—28) 
No 1 First period (page 22) Two adjacent hepatocytes showing several junc­
tional complexes, and a dilated sinusoid with a few swollen microvilli 
Notice the moderately electron dense contents of the lumen 
The widened RER with some fragmentation in both cytoplasms is very 
striking 
There is no visible lining endothelium a mononuclear cell with few RER 
profiles, some mitochondria and scattered polyribosomes seems to be in 
close contact with the liver cells 
N = Nucleus of hepatocyte 
No 2 Detail of an irregular, widened bile canaliculus The ectoplasm is pronounced 
and there are fewer microvil l i , they are plump and an occasional swollen 
hepatocytic evagmation protrudes into the lumen Dilation of the peripheral 
RER is evident, and some lysosomes are present 
No 3 A higher magnification reveals the details of a part of a mononuclear cell 
( M N ) , the lining endothelium, and the hepatocytic surface Notice the blunt 
cytoplasmic projection of the mononuclear cell An incidental accumulation 
(->) of several vesicles (section through an unusual infolding') Notice a 
moderately electron dense material in the narrowed space of Disse ( χ ) 
The hepatocytic ectoplasm shows flattened microvilli and various bristle 
coated vesicles 
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No 4 Second period (page 23) Different parts of several hepatocytes are shown, 
their bile canaliculi are dilated Short RER stalks are dispersed between 
the mitochondria Lysosomal elements of varying sizes are scattered 
throughout the cytoplasm 
No 5 A proliferated bile ductule in the periportal area surrounded by fibroblasts 
and their long, slender projections, neutrophilic granulocytes, and a macro-
phage Notice the heterogeneous aspect of the cholangiole Apart from the 
differences of electron opacity of the real ductule cells, there are mono-
nuclear cells and other pyknotic remnants interspersed between them 
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No 6 At high magnification thp amorphous dense substance is seen very clearly 
in thp snace of D i ^ e and between the hepatocytic microvilli Probable 
uptake of the material is suggested ( * ) 
Notice the numerous bristle coated vesicles (->) 
No 7. Leadcitrate Chanter 3 1 5 (page 41) After the reaction for peroxidase a 
deeplv stained microhndy at (|->) Notice lipoorotem granules in coated 
vécele (-*) and m round vesicle (->) Nn pseudo-peroxidatic staining of the 
amorphous material ( χ ) can be detected m the space of Disse and between 
the surface microvilli 
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No 8. Semi-thin section of 1 μ η , stained with toluidin blue 
Third period (page 25) The sinusoids are wide open, the lining endothelium 
is present m some places Notice the fatstormg cells (->) At the right, 
infiltrating connective tissue with bile ductule and various cells Magnif i­
cation χ 480 
No 9 Several heoatocytes are shown Notice the packed RER lamellae, and the 
peripheral localization of mitochondria Large glycogen areas are present 
In the vicinity of the slightly dilated bile canaliculi numerous lysosomes are 
seen 
N = nucleus Gl = glycogen 
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No 10 The sinusoids are stuffed with various cells The lining endothelium (E) is 
enormously swollen, it contains swollen mitochondria, some dense bodies, 
and phagocytized material 
In tne flattened perivascular space the amorphous dense substance is still 
present. 
Er = erythrocyte E = endothelium 1С = projection of infiltrating cell 
H = hepatocyte. 
No. 11 Fourth period (page 26) The perinuclear space is irregularly dilated. 
Nonce the slightly dilated packed lamellae. This is an example of one of 
those peculiar arrangements formed of several lamellae. 
The cristae mitochondriales are ill defined, and between the mitochondria 
small glycogen accumulations are scattered. An occasional autophagic 
vacuole is also present 
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No 12 Fifth period (page 27) The RER surrounding the nucleus is widened, 
while more peripherally it changes to formations of packed lamellae 
There are slight differences m electron density of various mitochondria 
Most peroxisomes (P) are localized m glycogen areas 
L = lipid N = nucleus Ly = lysosome 
No 13 A detail of a Kupffer cell shows vermiform tubular invaginations ( x ) 
The endothelium (E) is discontinuous 
H = hepatocyte Er = erythrocyte 
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No 14 In the vicinity of an apparently normal bile canaliculus numerous lysosomal 
bodies are accumulated Some of them contain glycogen particles (-») 
Notice areas of helicoidal formation of polyribosomes (Pr) 
N = nucleus Ρ = peroxisome 
Ly = Lysosomes G = Golgi area Gl = glycogen 
No 15 The microbodies mostly accumulate at the boundary of glycogen areas 
(Gl) Some of them are larger than usual and exhibits marked nucleoids 
Very intimate contact with PER is shown (-») 
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No 16. Leadcitrate Chapter 3 1.5. (page 41). 
After reaction for peroxidase all microbodies ( χ ) react strongly positive 
except for their nucleoids (pale regions within these organelles) 
Note the stained lipoprotein granula in the Golgi saccules (G). 
No. 17 Leadcitrate (page 41 ). 
Erythrocytes (-») are deeply stained by peroxidatic activity of hemoglobin 
due to non enzymatic catalysis. 
Light cytoplasmic portions of probably Kupffer cell(s) contain some 
stained vacuoles which may be referred as lysosomal constituents. The 
slightly dense substance m the space of Disse exhibits no activity as 
already stated 
H = hepatocytes. 
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Figures illustrating chapter 3 1 3 (page 28-30) 
No 18 Fifthpenod\n\h\s former sinusoid an erythrocyte and a macrophage(proba-
bly a Kupffer ce l l 7 ) are closely localized against hepatocytic fragments ( H ) 
Notice the abundant Golgi areas (G) m a certain polarity, the numerous 
bristle coated and pmocytosis vesicles Very close contact of vesicles 
with big dense bodies are shown (-•) 
С = collagen 
No 19 The mitochondria are dense and show bizarre forms The swollen and 
somewhat polymorphic vesicles are mostly free of nbosomes 
Ρ = microbody 
No 20 Semi-thin section of 1 μητι, stained with toluidin blue Proliferated 
cholangioles in the portal areas intersperse between the hepatocytes 
Magnification χ 385 
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Figures illustrating chapter 3 1 5 (page 39, 40) 
There is a different pattern of enzymatic activity between the (very) unspe-
cific Mg2 +-ATPase and alk Pase at ultrastructural level, in the controls 
as well as in the second post-transplantation period 
No 21 Uranylacetate In the bile canaliculus of the control liver a very dense 
precipitate covers regularly all microvilli 
No 22 Uranylacetate In the second period the precipitation, which should 
present the Mg2 + -ATPase activity, is much coarser, very irregular distri-
buted m this widened canaliculus 
No 23 Uranylacetate In the control liver the alk Pase activity is represented by 
fine precipitations regularly covering various microvilli, other remains free 
of reaction product 
No 24 Uranylacetate The reaction product in the second period is quite different 
from the control, it is much coarser and denser Judged from the irregularly 
distributed broad line of precipitation, the activity should be increased as 
confirmed by the light microscopical examinations 
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Figures illustrating chapter 3 2 2 (page 56-58) 
No 25 Eight to ten days after transplantation 
The liver cells (H) are encompassed by the electron light, mononuclear 
cells, which press on forward from the sinusoids Separation of hepatocytes 
is very suggestive There are remarkable lipiddroplets in its cytoplasms 
The bile canaliculus is severely dilated ( χ ) 
No 26 There is a very close contact between these light infiltrating cell projections 
and the free hepatocytic surface Notice the free hepatocytic surface, 
the free polyribosomes and the scattered RER stalks The hepatocytic 
mitochondria are 'cloudy' swollen and contain sparcely cristae 
L = lipid droplet 
M = mitochondnum 
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No. 27. Between the hepatocytic surface and the long thin projections of the 
infiltrating cells amorphous or filamentous electron dense material can be 
noted ( χ ) . 
The mitochondria ( M ) of the liver cell are cloudy swollen with ill defined 
cristae and may contain dense inclusions. 
No 28. The plump cytoplasmic extensions of these mononuclear cells contain less 
organelles. But a high degree of uptake (->) is indicated by numerous 
pmocytosis vesicles and bristle coated vesicles. In the intercellular space 
the electron dense material probably represents serum and/or lysed erythro­
cytes. 
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No 29 Uranylacetate Chapter 3 2 4 (page 62, 63) 
The activity of glucose-6-phosphatase is accurately localized m the pen-
nuclear space (->), in the RER (R) and m some fragments of the SER (S) 
Mitochondria are distinctly void of precipitation 
N = nucleus hepatocyte 
No 30 Unstained The perinuclear localization is less intense than in the controls 
Notice the several nuclear pores (-») 
The total activity in the endoplasmic reticulum seems to be weaker 
N = nucleus hepatocyte 
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Figures illustrating chapter 3 3 2 (page 65, 66) 
No 31 Eight days after transplantation 
On the right, an apparently normal hepatocyte with slightly swollen mito­
chondria ( M , ) , on the left, a hepatocyte showing 'cloudy' swollen mito­
chondria ( M 2 ) , some of unusual appearance (->) 
Note the nuclear inclusion. The dilated RER, and the distended inter­
cellular cleft ( x ) A bulging phagocytizmg lining cell partly covers the 
hepatocytes 
No 32 Eight days after transplantation 
On the right, the severely dilated RER of a hepatocyte with 'villi-like 
vesicles", notice the moderately dense content of the RER ( χ ) 
On the left, a phagocytized and partly digested erythrocyte within a cell 
closely attached to the darkened space of Disse 
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Figures illustrating chapter 3 4 2 (page 71-76) 
No 33 After cold perfusion At the right, the endothelial cell (E) is rounded 
off, leaving large portions of the hepatocyte uncovered 
The hepatocyte at the left is apparently intact, except for some slightly 
condensed chromatme, dispersed myelin figures and some dilated RER 
The intercellular contact (line) is well preserved ( χ ) 
Gl = glycogen 
No 34 At the top, a lining cell containing phagocytized material, which has 
become rounded off Below, three hepatocytes The middle one is an 
electron light cell with dilated endoplasmic reticulum The dark neigh­
bouring hepatocytes show less cytoplasmic swelling 
Gl = glycogen 
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No. 35 Two days after transplantation. The hepatocyte (H) shows dilated RER, 
dispersed proliferated SER (-•), and swollen mitochondria. 
Notice the numerous, polymorphic microbodies ( χ ) . 
At the top, a severely swollen endothelial cell (E) which occupies the 
sinusoidal lumen. The nuclear invagination is distinct. 
L = lipid droplet My = myelin figure Lym = lymphoid cell Ly = Lysosome 
M = mitochondria 
No. 36. The endothelial cell (E) is swollen and shows only few organelles 
The hepatocytic microvilli are flattened, and the surface of the liver cell is 
marked by various pinocytotic vesicles. 
The flattened space of Disse contains a dark, amorphous substance ( χ ) . 
Ρ = peroxisome BV = bristle coated vesicle V = pmocytosis vesicle. 
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No 37 Three weeks after transplantation Large vacuoles within glycogen 
accumulations contain a lipid-like substance 
M = mitochondria Gl = glycogen. 
No 38 Peripheral portions of hepatocytes bulge out and are only connected by 
thin stalks with the hepatocytic cytoplasm. These evagmated portions, 
which contain glycogen (Gl), are suggestive for the extrusion of cell con-
stituents. Projections of fibroblastic cells are seen (F) 
M = mitochondria 
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No 39 This cell type contains only few cytoplasmic organelles, but numerous 
large globular inclusions (I) It is referred to as a globule leucocyte 
No 40 Large, electron light cells (C) with numerous polyribosomes and long 
filopodia appear to twist and turn towards the hepatocytic plasma 
membrane 
H = hepatocyte Gl = glycogen 
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No 4 1 . Glycogen particles (Gl) are still present. The ectoplasmic zone (EZ) shows 
vacuolization due to invaginations and evaginations of the hepatocytic 
surface. An irregular, dense material may be detected, some reticulin 
fibres (F) are also present. N = nucleus hepatocyte. 
No. 42. Penpolesis of this lymphoid cell (Lym) by the hepatocytes is strongly 
suggested. 
L = lipid droplet in hepatocyte. 
No 43. This micrograph shows a high magnification of the intercellular space. An 
amorphous, electron dense substance is very well shown ( χ ) . 
M = mitochondria. 
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Figures illustrating chapter 3.4.4. (page 79, 80). 
No 44. Dog liver control.. 5-nucleotidase (unstained). The reaction product is 
precipitated at the microvillar surface of the hepatocyte and at both sides 
of the lining endothelium (E). 
No 45 5-Nase activity m bile canaliculi. Note the absence of the reaction product 
in the intercellular clefts 
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No 46 After cold perfusion 5-Nase (unstained) The reaction product is absent 
at the surfaces of the lining cell and at the hepatocytic sinusoidal surface 
Sparse precipitation is noticed only in the bile canaliculus (ВС) 
No 47 After revascularization Restoration of 5-Nase activity at the hepatocytic 
microvilli (unstained) 
H = hepatocyte E = endothelial cell 
158 
Figures illustrating chapter 3 5 2 (page 83, 84) 
No 48 After cold perfusion Lining endothelial cell showing bulk phagocytosis 
(->) The hepatocyte (H) shows deep anastomosing invaginations ( χ ) 
The hepatocyte at the top (H') contains a whorled membrane and several 
lacunae (La) 
No 49 Sixteen days after transplantation (Second period) 
Mitochondria are polymorphic and have irregularly distributed cnstae 
Note the irregularly arranged, dissociated whorled membranes in the large 
vacuole 
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Cellulose acetate electrophoresis. 
No. 50 Wistar-Wistar transplantation Chapter 3.1.6 (page 44) 
1. Control 
2. First period 
3 Third period 
4. Fifth period 
No 51 Feline transplantation Chapter 3 3.4 (page 69). 
1. Control 
2 After 8 days 
No. 52 Canine transplantation Chapter 3 4 5 (page 81) 
1. Control 
2 After 7 days 
3 After 14 days 
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Disc electrophoresis 
No 53 On top Wistar-Wistar transplantation Chapter 3 1 6 (page 44) 
С = control 
D = schematic diagram 
1 5 = after 1 5 months 
9 = after 9 months 
No 54 Below Canine transplantation Chapter 3 4 5 (page 81 ) Compare with 
Fig 10 
1 = control 
2 = 3 0 minutes after revascularization 
3 = after 7 days 
4 - after 1 6 days 
-> = relative migration rate 1 00 
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PLATE 1 WISTAR WISTAR TRANSPLANTATION (CHAPTER 3 1 4 PAGE 30-39) 
On the left graft ATPase Magnification χ 145 
1 Control Reaction of bile canaliculi distinct between the hepatic cell cords, 
forming typical pattern 
2 1st period (page 30) There is less continuity of the reacting canaliculi Notice 
the irregularly reacting sinusoids wi th infiltrating cellular elements 
3 3rd period (page 35) Heavy sinusoidal activity is still irregular The bile canaliculi 
with their granulated reaction product appear as thistle structures 
4 5th period (page 38) The appearance is much more regular The canaliculi react 
very distinctly and resemble short, looped pemcilli 
On the right graft alk Pase Magnification χ 25 
a Control There is almost no activity of this enzyme m the rat (positive appearing 
structures are wrinkle artefacts of the frozen section) 
b 1 st period (page 30) Bile canaliculi are reacting distinctly, as do the infiltrating 
cells in the connective tissue 
с 3rd period (page 35) The intense activity of the various structures in the portal 
triad is remarkable Bile canaliculi are less sharply outlined, and sinusoidal acti­
vity is more distinct 
d 5th period (page 38) Proliferating cholangioles exhibit marked adventitial acti­
vity The peripheral parts of the lobules show the most active bile canaliculi, 
while the activity decreases centrally 
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PLATE 2 WISTAR WISTAR TRANSPLANTATION (CHAPTER 3 1 4 PAGE 3 0 - 3 9 ) 
On the left graft iCDH magnification χ 25 
1 Control In the rat the enzyme activity is predominantly found centnlobularly 
2 1st period (page 31) The well recognizable activity is localized in the central 
areas Infiltrating connective tissue from the portal canal is negative 
3 3rd period (page 36) Some central areas show high enzyme activity but in 
general 'zonation' is less marked 
4 5th period (page 38) The distribution of enzyme activity is irregular, showing 
the changed lobular architecture 
On the right graft LDH Magnification χ 15 
a Control The highest activity is concentrated m the centnlobular zones 
b 1st period (page 31 ) The supporting connective tissue is weakly reactive There 
is an overall increase m enzyme activity m the whole lobule 
At the upper right note a single row of mesothelial cells covering the liver surface, 
reacting distinctly positively 
с 3rd period (page 36) Overall high activity is apparent It is somewhat difficult 
to judge special 'zonation' preference, due to the changed lobular architecture 
d 5th period (page 39) The graft reacts intensely, and the activity is almost uni­
formly distributed throughout the lobules 
Notice the irregular formation of white areas, indicating connective tissue and 
other structures 
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PLATE 3 WISTAR WISTAR TRANSPLANTATION (CHAPTER 3 1 4 PAGE 3 0 - 3 9 ) 
On the left graft AA Τ Magnification χ 25 
1 Control This enzyme is predominantly localized in the peripheral and midzonal 
part of the lobules Centnlobularly the activity is almost absent 
2 1st period (page 32) There is an irregularity m the reaction intensity between 
the different peripheral zones, thus the total activity is less than in the controls 
3 3rd period (page 36) Only parts of the peripheral zones are positive, and less 
intense than normal The overall activity is lower than m the controls 
4 5th period (page 39) There is a gradual recovery of the enzyme activity m the 
penportal/midzonal areas to almost the same activity as in controls 
On the right graft G-6-Pase Magnification * 25 
a Control The highest activity is found m the periportal areas 
b 1st period (page 32) The total activity is distinctly lower, only the immediate 
periportal region still exhibits high activity 
с 3rd period (page 36) There is a recovery of enzyme activity in general Groups 
of highly active cells alternate wi th less active ones The total activity may be 
almost as in controls 
d 5th period (page 39) The activity seems to be almost normal, especially the 
peripheral cells show high activity, while the centnlobular cells exhibit lower 
activity than those m controls 
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PLATE Ί WISTAR WISTAR TRANSPLANTATION (CHAPTER 3 1 4 PAGE 30 39) 
On top graft SDH Magnification χ 25 
1 Control The enzyme is predominantly localized in the periportal areas 
2 3rd period (page 35) The irregularly shaped lobules and the peripheral locali­
zation of the highest enzyme activity are clearly seen 
3 5th period (page 38) The most peripheral parts of the irregularly shaped lobules 
still exhibits distinct activity, but the total activity is lower than in the controls. 
Below graft ac Pase Magnification χ 60 
a Control Lysosomal activity is demonstrated by the penbiliary granules 
b 3rd period (page 35) The lysosomal activity is distinctly increased, beside the 
penbiliar localization the reaction product is also distributed throughout the 
whole cytoplasm 
с 5th period (page 38) The enzyme activity is higher than m the controls, but 
lower compared with the earlier post-transplantation periods 
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PLATE 5 WISTAR WISTAR TRANSPLANTATION (CHAPTER 3 1 4 , PAGE 30-39) MISCELLANEOUS 
On top • the recipient's liver 
Comparison between successive sections after various reactions demonstrates 
the beginning atrophy of the recipient's liver in the earlier post-transplantation 
periods. 
/ ATPase (page 30) 2. iCDH (page 31). 
Magnification χ 25 Magnification χ 25. 
Notice the comparable areas m both sections. Those areas with an increased 
ATPase activity exhibit no iCDH activity at all. 
The blood vessel with high ATPase activity ( χ ) is iCDH negative ( χ ) . 
In the centre graft Naphthol AS-D esterase (compare with page 78) Magnifica­
tion χ 25 
a. Control. The highest activity of this enzyme is found m the centrilobular regions. 
b 5th period. There is increased activity m the central regions only, while other 
areas almost lack activity. 
Below, grafts 
χ SDH 3rd period (page 35) Magnification χ 255 
Notice the juxtanuclear localization of this mitochondrial enzyme. Sometimes a 
'bow-tie' like localization may be observed (-»). 
y. iCDH 5th period (page 38). Magnification χ 235 
The liver cells show intense enzyme activity m this (particular) centrilobular part. 
Notice the infiltrating cells. Several exhibit a fine, granulated reaction product. 
Other cells close to the hepatocytes reveal weaker activities. 
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PLATE 6 PVG/C WISTAR TRANSPLANTATION (CHAPTER 3 2 3 PAGE 5 8 - 6 2 ) 
On top A TPase (page 58) Magnification * 25 
1 Control The preferred periportal localization of the branching bile canaliculi is 
well seen 
2 Graft (first period) There is a decrease in canalicular activity, but sinusoidal 
activity is increased 
The reaction pattern is intensified by accumulations of infiltrating, positively 
reacting cells 
3 Recipient's liver (first period) Bile canalicular activity is well preserved Some 
infiltrating cells m the sinusoids react positively too Notice the strongly reacting 
cholangioles in the hepatic triad 
4 Graft (early second period) There is such a massive infiltration of connective 
tissue and other cellular elements that hepatocytic activity is almost unrecogni­
zable 
5 Recipient's liver (early second period) Strands of connective tissue from the 
portal areas encompass the liver lobules There is an increase m infiltrating 
positively reacting cells 
Sinusoidal activity is also increased 
Below SDH (page 60) Magnification * 25 
a Control Compare the activity and 'zonation' of this exclusively peripherally 
localized enzyme with b and с 
b Graft (first period) The activity of the hepatocytes is distinctly decreased The 
liver cells are separated from each other by negatively reacting infiltrating ele­
ments 
с Graft (early second period) Notice the decrease of viable hepatocytes The total 
activity is lower than in the controls, though the remaining liver cells in this 
situation still contain considerable enzyme activity 
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PLATE 7 FELINE TRANSPLANTATION (CHAPTER 3 3 3 PAGE 6 6 - 6 9 ) 
7. ATPase (page 66) Magnification * 25 
Control (left) The portal canals are reacting distinctly, and the bile canaliculi in 
the peripheral parts of the lobule are highly active Towards the centre fewer 
canaliculi are reactive 
Graft after 8 days (right) There is a decrease in activity of the portal triads, but 
the bile canaliculi are still strongly reactive m the periportal area They are less 
branched, but wider 
2 A/k Pase (page 66) Magnification *• 25 
Control (left) The activity of this enzyme m the cat liver is very low 
Graft after 8 days (right) Blood vessels are reactive and there is a dramatic 
increase in midzonal sinusoidal activity 
3. LDH (page 68) Magnification χ 15 
Control (left) Notice the 'zonation' within the lobules The centnlobular and the 
midzonal regions are the most active zones 
Graft after 8 days (right) The enzyme activity has risen enormously There is 
an almost uniform, strong reaction pattern 
4 A A Τ (page 68) Magnification χ 25 
Control (left) The periportal areas are strongly reactive while the midzonal 
regions react weakly 
Graft after 8 days (right) The enzyme activity in the peripheral areas is still strong 
The midzonal regions show increased activity, thus the total activity exceeds 
that of the controls 
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PLATE 8 CANINE TRANSPLANTATION (CHAPTER 3 4 3 PAGE 76-79) 
G-6-Pase (page 77) Magnification * 15 
1. Control. The highest enzyme activity is again found m the periportal areas It 
gradually decreases centnlobularly. 
2. Graft after 1 hour cold perfusion The total activity is less than in the controls, 
due to the decrease of activity, predominantly in the midzonal regions. The most 
peripheral parts of the lobule are apparently normal. Notice the enlarged blood 
vessels and slightly dilated sinusoids. 
3. Graft in the 2nd post-transplantation period. 
The periportal areas still maintain their high activity. But, due to loss of viable 
hepatocytes mainly m the midzonal and central parts, the total activity is 
distinctly lower than in the controls 
4. Recipient's liver in the 2nd post-transplantation period. 
The same reaction pattern as in the control livers is found in the recipient's liver. 
The midzonal region is somewhat lower in activity. Notice the dilated sinusoids 
compared with the controls; this may contribute to faulty comparison of overall 
activities 
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PLATE 9 CANINE TRANSPLANTATION (CHAPTER 3 4 3 PAGE 76-79) 
7. AAT (page 78) Magnification χ 15 
Control (left). As in other species, the enzyme activity is mainly found m the 
periportal and midzonal regions. 
Graft m 2nd period (right) The total activity has decreased compared with the 
control livers. In the peripheral parts the enzyme activity is apparently the same 
or somewhat increased, but the midzonal regions have lost their activity. 
2. $-HBDH (page 78) Magnification χ 25 
Control (left). The activity is mainly found in the peripheral areas. Towards the 
central region the activity decreases. 
Graft m 2nd period (right). There is a remarkable loss of activity, parts of the 
periportal areas show diminished enzyme activity 
3. Naphthol AS-D esterase (page 78) Magnification * 25 
Control (left). The midzonal and central regions are strongly reactive Penportally 
there is low enzyme activity. 
Graft m 2nd period (right). The activity is distinctly decreased. Irregular groups 
of liver cells are strongly reactive. 
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PLATE 10 PORCINE TRANSPLANTATION (CHAPTER 3 5 3 PAGE 8 4 - 8 7 ) 
7. Alk Pase (page 85) Magnification * 25 
Control (left) With this particular kind of reaction for the demonstration of this 
enzyme bile canaliculi can be demonstrated as long slender structures m the 
periportal areas of the regularly demarcated lobules 
Graft after 1 6 days (right) 
The activity of the bile canaliculi is increased Irregular distribution of these 
thickened structures are seen Infiltrating cellular elements also react positively 
2 SDH (page 85) Magnification * 60 
Control (left) The enzyme activity is increased in the peripheral regions de­
creased m the central zones 
Graft after 16 days (right) There is a decrease of viable hepatocytes The re­
maining liver cells show a, though irregularly distributed, high activity of this 
enzyme 
3 LDH (page 86) Magnification χ 25 
Control (left) The enzyme activity is more or less uniformly distributed, but 
often wi th a preferred peripheral localization 
Graft after 16 days (right) The supporting connective tissue is more strongly 
reactive than the controls 
The disarray of the lobule is evident The remaining hepatocytes show an overall 
marked activity 
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A C K N O W L E D G M E N T S 
The descriptive interpretation and the post-operative fo l low up w o u l d not have been 
possible w i t h o u t the generous help of the persons mentioned below The author is very 
endebted to all of them and gratefully appreciates their assistance 
Operative procedures of canine and porcine transplantation 
Ν ν d Heyde, M D Ph D (as originator of the whole project) (head of the department 
of surgery - Municipal Hospital - A r n h e m ) and J Remkmg, M D and F Tjebbes, M D 
Prof W Schmidt, M D Ph D (head of the department of surgery - Catholic University -
Ni jmegen) and R Bilski, M D 
Operation assistance 
Mr Th Arts, Mr Τ Peters and Mr Ρ Phihpsen 
Animal care 
Mr A Peters and Mr M Paassen 
( M Dobbelaar, D Vet Ph D - head of the animal quarter Nijmegen) 
Travenol perfusion apparature 
Mr S Graafsma 
Operative procedures of rat and feline transplantation 
Mr F Hess and Miss M Polak 
Electron microscope and general coordination 
Miss M ν d Donk 
Histochemistry 
Miss Ρ Pennmgs 
Ultrastructural cytochemistry 
Miss J Kimmenai and Miss К Wermeling 
Histology 
Miss D Versieyen 
Clinical chemistry 
Miss J Kimmenai, Miss M Maaskant and Mr К Moolhuyzen 
Technical assistance 
The team of student assistente 
Miss G Tjoo, Miss U Lubowski, Miss M Postma, Miss С Veldhuis, Mr S de Ree, 
Mr Ρ Onessen, Mr Η ν Haaren Mr R Arts, Mr L Gillissen, Mr G ter Heyne, Mr 
R Meyers, Mr Ν ν Elewijck, Mr W Keijzer 
The graduate assistente 
Mr J de Wit, Mr В Warmer, Mr L Peeters 
Electron microscopic observation 
A Stadhouders Ph D was so kind as to extend the hospitality of the department of electron 
microscopy 
Technical assistance 
Mr J ν d Horst and Mr G Ensmk op Kemna 
Electron micrographs preparation 
Mr J ν Bilsen and Mr A Breebaart 
Light microscopical preparations and graphics 
The members of the department of medical photography 
(Head Mr A Reijnen) and Mr Τ ν Hout 
1 8 6 
Graphics, frontpage and miscellaneous 
Miss M Polak, Mr A Breebaart, Mr F Hess, Mr J de Wit, Miss Μ ν d Donk 
Literature 
Mr H Manders and Mr E de Graaff 
(Mr E de Graaff Head of Medical Library) 
Manuscript 
Miss N Jansen 
English correction and discussion 
Mrs M Weiss, Ph D 
Moral support 
Mrs R Jerusalem-Sutonus 
Promotor (Last but not the least') 
Prof С Jerusalem, M D , Ph D 
His constant presence and guidance, his broad v iew of the various aspects concerning 
transplantation and its many problems were of integral importance for this study 
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STELLINGEN 
De onspecifieke leveresterase kan in de toekomst een belangrijke rol spelen in de 
beoordeling van de kwaliteit van het gepreserveerde levertransplantaat. 
II 
Door de zonale verdeling van vele enzymen m de leverlobulus dient men ultrastruk-
turele cytochemische resultaten voorzichtig te interpreteren. 
Ill 
De kombinatie hepatocyte-smusendotheelcel blijkt met van essentieel belang te 
zijn voor de funktie van de levercel. 
IV 
Afgezien van operatietechmsche komplikaties bij transplantaties, is de mentale 
postoperatieve zorg van de grotere huisdieren (kat, hond) uiterst belangrijk voor 
de overleving van de dieren. 
V 
Tijdens een experimentele malaria-infektie bij muizen vindt men bepaalde cel-
typen, die een zekere overeenkomst vertonen met die na een allotransplantatie. 
VI 
Voor een partiele degradatie van het malana-haemozoïne is de zure fosfatase en 
m latere instantie ook de arylsulfatase verantwoordelijk. 
VII 
Renale aandoeningen in het verloop van Plasmodia mfekties geven, zowel m de 
humane pathologie, als m de bij knaagdieren optredende verschijnselen, een 
gelijk verlopend beeld; een ,,salt loosing nephritis" zou hieraan ten grondslag 
liggen. 
VIII 
Voor een snelle beoordeling van de cortex van de muizenier tijdens een experi-
mentele malaria-infektie, is het aan te bevelen de ß-hydroxyboterzuurdehydro-
genase-reaktie uit te voeren 

IX 
Een morfologische begeleiding is van belang voor het onderzoek van het intakte, 
geïsoleerde, geventileerde en geperfundeerde longpreparaat 
X 
Kalfslensepitheel m de kweek vormt een diploide „strain" met een beperkte 
levensduur omdat er later geleidelijk morfologische verouderingsverschijnselen 
optreden. 
XI 
Hepatomacellen in vitro vertonen een duidelijk hogere glycolytische aktiviteit 
dan gekweekte levercellen van verschillende stadia 
XII 
Levercellen m vitro neigen tot het vormen van canaliculaire strukturen op bepaalde 
plaatsen van kontakt 
XIII 
Tijdens de Vierdaagse in Nijmegen moeten de behandelende artsen van de 
EHBO posten strenger en resoluter optreden door bij de eerste klachten met een 
slechte prognose de lopers direkt af te keuren 
Nijmegen, december 1971. P. Η К Jap 



